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[57] ABSTRACT

Antibacterial and intermediate substances which are
derived by selective chemical transformation of par-
tially hydrolyzed tylosin and related macrolide deriva-
tives in which only the mycaminose sugar remains at-
tached to the macrocyclic lactone ring. Compounds
having particular utility as antibacterial agents have C-6
side chain aldehyde converted to a hydrazone, the C-3
ring hydroxy group acylated, and/or the C-14 hydroxy-
methyl group converted to a sulfonate or carboxylate
ester, or to a halomethyl, aminomethyl, sul-
fonamidomethyl or carboxamidomethyl group. Com-
pounds whose prime utility is as intermediates have side
chain aldehyde group protected as an acetal, mycami-
nose sugar hydroxyls protected as carboxylate ester
and/or C-14 hydroxymethyl converted to a formyl or
azidomethyl group.

78 Claims, No Drawings
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ANTIBACTERIAL MYCAMINOSYL TYLONOIIDE
AND RELATED MACROLIDE DERIVATIVES

- BACKGROUND OF THE INVENTION

This invention i1s concerned with antibacterial and
intermediate substances which are derived by selective
- chemical transformation of partially hydrolyzed tylosin
and related macrolide derivatives in which only the
mycaminose sugar remains attached to the macrocyclic
lactone ring. Compounds having particular utility as
‘antibacterial agents have C-6 side chain aldehyde con-
verted to a hydrazone, C-3 ring hydroxy group acyl-
ated, and/or C-14 hydroxymethyl group converted to a
sulfonate or carboxylate ester, or to a halomethyl, ami-
nomethyl, sulfonamidomethyl or carboxamidomethyl
group. Compounds whose prime utility is as intermedi-
ates have side chain aldehyde group protected as an
acetal, mycaminose sugar hydroxyls protected as a car-
boxylate ester and/or C-14 hydroxymethyl converted
to a formyl or azidomethyl group.

A large number of macrolide antibiotics and deriva-
tives are known to the medicinal sciences, some such as
CP-56,063 and CP-56,064 below, only recently discov-
ered. | |

One of the starting materials for the present invention
is tylosin stripped of two of its sugars, so-called de-
smycarosyl desmycinosyl tylosin, desmycinosyl tylo-
nide or mycaminosyl tylonolide. More systematically,
this compound is named 35-(3,6-dideoxy-3-dime-
thylamino-beta-D-glucopyrnosyloxy)-6-formylmethyl-
3-hydroxy-14-hydroxymethyl-4,8,12-trimethyl-9-ox0-
10,12-heptadecadien-15-olide. This tylosin degradation
product is of the formula (I) below, but has A=0H,
Y =oxygen and R1=H. It is reported to be a biosyn-
thetic precursor of tylosin, Omura et al., J. Antibiot. 31,
pPp. 254-256, 1978. Although originally and vaguely
reported as “antibacterial”, the prior art has been long
silent concerning the specific activity of this compound.
Only now has the actual utility and value of this com-
pound as an antibacterial agent been recognized.

Other starting materials, useful in the present inven-
tion are derived from CP-56,063 and CP-56,064 via
chemical processes and intermediates described below.
Similar chemical processes have been previously re-
ported for the selective cleavage of the mycinose sugar
from tylosin, Nagel and Vincent, J. Org. Chem. 44, pp.
2050-2052, 1979. The preparation by fermentation and
isolation of CP-56,063 and CP-56,064 are also fully
disclosed herein. -

Umezawa et al.,, U.S. Pat. Nos. 4,196,280 and
4,255,564 have generally described macrolide deriva-
tives converted to cyclic acetals, then hydrolyzed step-
wise, first removing all but mycaminose and finally the
mycaminose to yield the acetal of the aglycone. Among
the infinity of compounds claimed in U.S. Pat. No.
4,255,564 are compounds of the formula (I1II) and (IV),
but wherein B=R6=H, A1=0H, R1=H or “an acyl
group” and HC(OR7), is “an aldehyde group protected
by a cyclic acetal”. Although claimed, there is no teach-
ing in that patent which would permit preparation of
the present compounds of the formula (III) and (IV),
wherein B is H, Al is OH, R! an acyl group and
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HC(OR7) represents an acetal, since the appropriate 65

precursor fermentation macrolides having R! as acyl
required by Umezawa et al. are not known in the pres-

ent series.

2

The Umezawa et al. compounds are indicated to be
useful for “introducing new sugar moieties or substitu-
ents”. However the only species disclosed and claimed
by Umezawa et al. which 1s closely related to com-
pounds of the present invention is the compound having
the formula (III), but with B=R1=R6=H, A1=0H
and both R7 together=-—(CHj3);—. This compound,
which appears to be twice claimed (claims 11 and 14 of
U.S. Pat. No. 4,255,564) 1s no more than further de-
graded by removal of the mycaminose sugar. No
method is taught for reintroduction of a sugar or any
other group, selectively or otherwise, into either one of
these polyhydroxy compounds (mycaminosyl tylono-
lide acetal and tylonolide acetal).

'The corresponding dimethylacetal, of the formula
(II1) below, but having B=R!1=R6=H, Al1=0H and
R7=CHj3 has also been previously reported as an un-
characterized intermediate in the preparation of the
corresponding tetrahydro derivative by Omura et al,,
Tetrahedron Letters No. 12, pp. 1045-1048, 1977. No
utility was reported for either this dimethyl acetal or its
tetrahydro derivative.

Without a stated utility, Umezawa et al. also appear
to claim the aldehydic compound of the formula (I) but
wherein A=0H, Y=oxygen and R!=H (claim 13 of
U.S. Pat. No. 4,255,564), one of the starting materials
employed in the present invention. This product, dis-
cussed above and commonly referred to in the literature
as mycaminosyl tylonolide, was first reported by Morin

and Gorman, Tetrahedron Letters No. 34, pp.

2339-2345 (1964), even before the structure of tylosin
was fully established. |

Recently Ganguly et al. have reported certain anti-
bacterial hydrazone derivatives of rosaramicin, a mac-
rolide antibiotic having a structure substantially differ-
ent from the present tylosin/CP-56,063 derivatives.

SUMMARY OF THE INVENTION

The present invention is directed to antibacterial
compounds having the formula

(1)

or
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-continued
(CH3)2 (II)
HC=Y '
i HO W W OH

CH3 CH»

wherein
A is —XR, —OH, —NRZ2R3 or halo:
X 1s oxygen or NH;
Y is oxygen or NNR4R5;
R is (C2-Cg)alkanoyl, (Cs~Cio)phenylalkanoyl, ben-
zoyl, (Ci-Cg)alkanesulfonyl or benzenesulfonyl,
said phenylalkanoyl, benzoyl and benzenesulfonyl
groups optionally mono or disubstituted on aro-
matic ring with (Ci-Cj3)alkyl, (Ci-Cs3)alkoxy or
halo;
Rlis hydrogen or (C;—-Cg)alkanoyl;
R? and R? are each independently (Ci-Cg)alkyl, or
taken together are —(CH3)2O(CH3)2— or —(CHa.
Yn—;
R#and R? are each independently H or (C;-Cg)alkyl,
or taken together are —(CH3)20(CHz);— or
—(CH2)y—; and
n is an integer from 4 to 7;
with the proviso that when the compound has the
formula (I) and A is OH, R!is other than H;

or a pharmaceutically acceptable acid addition salt
thereof. Such salts include, but are not limited to those
formed with hydrochloric, hydrobromic, phosphoric,
sulfuric, citric, laurylsulfonic, oxalic, maleic, methane-
sulfonic, p-toluenesulfonic and succinic acid.

At common positions, the present compounds and the

fermentation products from which they are ultimately
derived have the same absolute stereochemistry, re-
gardless of what that might be. While the absolute ste-
reochemistry is presently believed and understood to be
as depicted in the various formulae contained herein, it
should be undersood that the intent of these depictions
is to show no more than the fact that the derived com-
pounds have the same stereochemistry as the parent
fermentation compounds.

Because of their ease of preparation and good anti-
bacterial activity, preferred compounds of the formula
(I), wherein A is XR, have (a) X as NH, Y as oxygen,
Rlas H and R as benezenesulfonyl, optionally mono or
disubstituted, particularly R as p-toluenesulfonyl; (b) X
and Y as oxygen, Rl as H and R as acetyl; and (c) X as
oxygen, Y as NNR4R3 and R1as H, and particularly R4
and R° as methyl and R as p-toluenesulfonyl. Preferred
compounds of the formula (I), wherein A is NR2R3,
have Y as oxygen, more preferably R2 and R3 as methyl
and R!as (Cy-Cg)alkanoyl, most preferably R!as acetyl.
Preferred compounds of the formula (I) wherein A is
OH have R! as alkanoyl and Y as oxygen, particularly
R! as acetyl. Preferred compounds of the formula (I),
wherein A is halo, have (a) R1as H, Y as oxygen and A
as iodo or chloro; and (b) R1as H, Y as NNR4R5and R4

4

and R as methyl, most preferably with A as iodo. Pre-
ferred compounds of the formula (IT) have A as NR2R3
and Y as oxygen, more preferably with R2 and R3 taken
together, particularly as —(CHj)7— [also writien
herein as A=N(CH3)7], most preferably with R! as
hydrogen or as acetyl.

The antibacterial activity of the compounds of the
formulae (I) and (II) is readily determined by standard
methods of serial dilution or disc plate. The latter

method in particular is routinely applied to check the
susceptibility of microorganisms, including those
freshly isolated in clinical practice. The measured anti-
bacterial activity reflects utility in the systemic or topi-
cal treatment of animal or human infections due to sus-
ceptible bacteria, in animal feeds as growth promotants,
in the preservation of substances biogradable by suscep-
tible bacteria or as industrial disinfectants.

The present invention also encompasses compounds
primarily useful as intermediates in the synthesis of the
present antibacterial compounds. These intermediate
compounds are of the formula
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wherein
B is hydrogen and Al is —XR, —OH, —NHj;,
—NR2R3, N3 or halo; or |
B and Al are taken together and are oxygen;
X 1s oxygen or NH:

65
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R is (C3-Cg)alkanoyl, (Cs-Cio)phenylalkanoyl, ben-
zoyl, (Ci1-Ce)alkanesuifonyl or benzenesulfonyl,
said phenylalkanoyl, benzoyl and benzenesulfonyl
groups optionally mono or disubstituted on aro-
matic ring with (C1-C3)alkyl, (C1-Ca)alkoxy or
halo;

" Rlis hydrogen or (C2-Cg)alkanoyl;

R2 and R3 are each independently (Ci-Cg)alkyl, or
taken together are —(CH2)20O(CH2);— or —(CHa».
In—; | - '

n is an integer from 4 to 7;

R6is H or (C2-Cg)alkanoyl; and

R7 is (C1-Cg)alkyl or the two R’ groups are taken
together and are (Cz-Cj)alkylene; |

 with the proviso that when the compound is of the
formula (IIT) and R! and RS are both hydrogen, Al is
other than —OH; |

or of the formula

N(CH3) V)
\\\"‘ORB
O “CH3
or
_ - N(CH3)z (VD)
H(|2=.Y R*O,, SOR®
C |
A O CH3
CH>A
wherein o
A is —XR, —OH, —NR?R3 or halo;
- X is oxygen or NH;
Y is oxygen or NNR4R5; |

R is (C3-Cg)alkanoyl, (Cs-Cio)phenylalkanoyl, ben-
zoyl, (C1-Ce)alkanesulfonyl or benzenesulfonyl,
said phenylalkanoyl, benzoyl and benzenesulfonyl
groups optionally mono or disubstituted on aro-
matic ring with (Cj-Cs)alkyl, (C1-Cs)alkoxy or
halo; N .

. Rlis hydrogen or ('Cz--Cﬁ)alkanoyl;
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6 |
R2 and R3 are each independently (Ci-Cg)alkyl, or
taken together are —(CH32)20(CH3);— or —(CHa.
- In—s o
4 and R3 are each independently H or (Ci-Cg)alkyl,
or taken together are —(CH2O(CHz)2— or
| —(CH2)n—;
n is an integer from 4 to 7; and
- R8is (Cy-Cg)alkanoy!. | :
Preferred compounds of the formula (III) to (VI) are

those used for the synthesis is preferred compounds of
the formula (I) or (II). N

DETAILED DESCRIPTION OF THE
INVENTION

The antibacterial compounds of the present invention
are readily prepared, as appropriate, from (a)
mycaminosyl tylonolide, of the formula (I) but wherein

A=O0H, Y=oxygen and R!=H, a compound alterna-

tively derived from CP-56,064 (formula VII.below); or
(b) the corresponding compound of the formula (II),
wherein A=0H, Y=oxygen and Ri=H, derived from
CP-56,063 (formula VIII below). When these starting
materials are derived from CP-56,064 or CP-56,063,
they will generally already have aldehyde and mycami-
nose hydroxy protecting groups in place. Such protect-
ing groups will frequently not be removed until after
further chemical transformations are carried out on the
molecule. | | o |
The present invention employs a number of unit pro-
cesses in converting starting compounds to a desired
product. It will be evident to one skilled in the art that
it is frequently possible to put these processes together
in more than one sequence to achieve the desired goal.
It will also be evident that introduction of certain pro-
tecting groups will necessarily or preferably precede
certain of these unit processes, ultimately followed by
removal of the protecting group. A

Acetal Formation

" The acetal in compounds of the formula (III) or (IV)
is prepared from the corresponding aldehyde by reac-
tion of at least two molar equivalents of a (Ci~Ce)al-
kanol or one molar equivalent of a (Ci-Csalkylenediol
in the presence of a strong acid catalyst, such as HCI or
p-toluenesulfonic acid. The alcohol or diol will gener-
ally be used in large excess in order to force this equilib-
rium reaction to completion. The latter can also be
achieved by removal of formed water by azeotropic
distillation, or by adding a drying agent which will take
up water, but not the alcohol. Temperature of the reac-
tion is not critical, e.g., 0°~75° is satisfactory. Conve-
niently, ambient temperature is used. When a sequence
of unit processes also involves acylation of mycaminose
hydroxy groups, or formation or reaction of aldehyde at
C-14, the present acetal formation will generally be
carried out as a prior step. |

Specific examples of acetal formation are found
under Method G and Preparation 5 below. |

Acylation of Mycaminose Hydroxyl Groups' '

Absent added base, mycaminose hydroxy groups are
selectively acylated by the action of at least two molar
equivalents of a (C2-Cg)carboxylic acid anhydride, a
reaction usually carred out in the presence of a reaction-
inert solvent, such as methylene chloride, toluene, ethyl
acetate or the like. Temperature is not critical, e.g.
0°-75° C. is satisfactory. Conveniently ambient temper-
ature is used. As used herein, the expression “reaction-
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inert solvent” is intended to indicate any solvent or
diluent which will not interact with reactants, reagents
or products in a manner which significantly reduees the
yield of the desired product.

When acylation of other hydroxyl groups, or oxida-
tion of hydroxymethyl to formyl is part of the sequence

of unit processes, the present acylatlon will generally be
carried out as a prior step.

Specific examples of mycaminose sugar formation are
found under Method C and Preparation 6 below.

Acylation of C-14 Hydroxymethyl

With mycaminose hydroxy groups blocked as
(C2-Cealkanoate esters, C-14 hydroxymethyl Sroups
are selectively acylated even in the presence of an un-

acylated C-3 hydroxyl group, provided that forcmg.

conditions are avoided. This acylation occurs readily at

room temperature with at least one equivalent (and

usually no more than three equivalents) of the appropri-
ate sulfonyl chloride, or carboxylic acid chloride or
anhydride, in the presence of at least one equivalent
(and usually no more than three equivalents) of a ter-
tiary amine such as triethylamine or N-methylmorpho-
line. Optionally, a small but limited portion of the amine
is 4-dimethylaminopyridine. Temperature is not critical,
but temperatures of 0°-30° C. are preferred when a C-3
hydroxyl group is present. Ambient temperature is usu-
ally satisfactory. The reaction is generally carried out in
the presence of a reaction-inert solvent, such as methy-
lene chloride, toluene or ethyl acetate.

When the ultimately desired product has both C—3
hydroxy and C-14 hydroxymethyl as ester derivatives,
C-14 acylation will generally precede C-3 acylation..

Specific examples of C-14 hydroxymethyl acylation
are found below under Method D.

Acylation of C-3 Hydroxy

Except to use more vigorous conditions (e.g. greater
excess of acylating agent, greater excess of tertiary
‘amine, particularly including higher levels of 4-dime-
thylaminopyridine, moderately elevated temperatures,
e.g. 30°-75° C,, and/or longer reaction times) the acyla-
tion of a C-3 hydroxy group is otherwise carried out in
a manner analogous to the acylation of the C-14 hy-
droxymethyl group as detailed above.

- If a C-3 acyl, C-14 hydroxymethyl compound is de-
sired (as for oxidation to aldehyde) then the hydroxy-
methyl group is preliminarily blocked by (l-
imidazolyl)carbonylation, accomplished by the action

of 1,1-carbonyldimidazole (substantially one equivalent -

or slight excess), in a reaction-inert solvent such as
methylene chloride, conveniently at ambient tempera-
ture. After C-3 acylation, the (l-imidazolyl)carbonyl
group 1s rapidly removed by reaction with K3COj3 (es-
sentlally mole per mole) in an aqueous or aqueous or-
ganic solvent, such as 2:1 acetone:water, conveniently
at room temperature, where only a short reaction per-
iod is required (e.g. 2 hours). -

When oxidation of hydroxymethyl to fermyl is a step
in the sequence of unit processes, the present acylation
will generally be carried out as a prior step in order to
avoid the complication of oxidation of the C-3 hydroxy
group. -
Specific examples of C-3 aeylatlen are found under
Method L below.
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dimethylaminopropyl)-3-ethylcarbodiimide

8

Displacement of Sulfonyloxy with Secondary Amine,
Halide or Azrde or Displacement with Secondary
Amine or Azide

These ‘dis'plae_ement reactions are carried out in a
reaction-inert solvent under conditions generally
known in the art of organic chemlstry The substrate

(sulfonate ester or halide) is contacted in a reaction-inert

solvent, usually with an excess of the displacing agent
(i.e., the appropriate secondary amine or an alkali metal
azide or halide). When the substrate is other than iodide,
addition of small amounts of an alkali metal iodide will
frequently catalyze the reaction, permitting milder con-
ditions and/or a shorter reaction time to be used. The
rate of reaction is generally increased by use of more
polar solvent. Lower boiling solvents are preferred
since they are readlly recovered from the reaction mix-
ture by stnpplng in vacuo. |

Acetone 1s particularly well sulted for displacement
of sulfonate esters with secondary amines, halide or
azide (see Methods E, J and O below). Temperature is

not critical, but is conveniently at the reflux tempera-

ture of acetone in order that the reaction will proceed at
a reasonable rate, preferably with 1odide present to
further enhance the rate. It is understood that, in the
presence of 10d1de, secondary amine and azide displace-
ment occurs via the 14-iodomethyl compound, itself
one of the alternative substrates for preparation of the
present aminomethyl and azrdomethy] secondary deriv-
atives.

When iodide is used as displacing agent hydrazones

tend to concommitantly hydrolyze to-aldehyde (cf.
Example J1 below).

Selective Replacement of Hydroxymethyl with
Halomethyl

Preferably with the mycaminose hydroxy groups
protected, a variety of standard methods are available
for selective and direct conversion of the C-14 hydroxy-
methyl to halomethyl. Exemplary 1s the preparation of
the chloromethyl derivative, using trlphenylphosphme
(at least one and usually 2-3 molar equivalents) in an
excess of carbon tetrachloride, conveniently at reflux
temperature (See Method H below).

Oxidation of Hydroxymethyl to Formyl

With mycaminose and C-3 hydroxyl as (C;-Cg)al-
kanoates, the C-14 hydroxymethyl group is selectively
oxidized to a formyl group. For example, in a reaction-
inert solvent such as benzene, the hydroxymethyl com-
pound is reacted with excess dimethylsulfoxide (e.g. 4
molar equivalents) and a lesser excess of a carbodumlde,
preferably a water soluble carbodiimide such as 1-(3-
(eg. 3
molar equivalents). After a brief reaction period,. pyrl-
dinium trifluoroacetate (substantially 1 molar equiva-
lent) is added, resulting in rapid formation of the desired
formyl compound. Temperature is not critical, but is
preferably about 5°-30° C., conveniently ambient. This
unit process is exemplified by Method M below.

‘Reductive Amination of C-14 Formyl

With C-6 formylmethyl group protected as acetal, a
C-14 formyl group is reductively aminated with a sec-
ondary amine using a variety of methods standard in the
art, e.g., by use of molar equivalent quantities of the
amine and aldehyde, hydrogenated over a noble metal
catalyst in a reaction-inert solvent. An alternative




4,454,314

9

method, reduction of the aldehyde with sodium cyano-
borohydride in a lower alkanol such as methanol, in the
presence of excess secondary amine hydrechloride (e.g.
20 molar equivalents), is particularly convenient in the
present instance. Excess chemical equivalents of the
hydride are generally employed (e.g. 1 mole of
NaB(CN)H3 (3 equivalents)/mole of aldehyde). Tem-
perature 1s not critical, e.g., 0°-350° C. 1s satisfactory.
Conveniently ambient temperature 1s used. Method N
below specifically exemplifies this process.

When the ultimate product desired is a hydrazone,
-the present reductive amination will generally be car-
ried out prior to such hydrazone formation.

Reduction of Azido to Amino

Reduction of azido to amino is readily accomplished

by hydrogenation of any one of a variety of hydroge-
nating catalysts, including noble metals such as Pd, Rh
or Pt (on a carrier such as carbon, as an oxide such as
PtO; or as a salt such as RhCl3), or a moderated noble
metal catalyst such as Lindlar’s catalyst (paliadium
moderated with lead acetate and quinoline, Helv. Chim.
Acta, 35, p. 446, 1952), the preferred catalyst in the
present instance. Temperature is not critical, e.g., 0°-75°
C. is satisfactory; conveniently ambient temperature is
used. Pressure can be subatmospheric to 100 atmo-
spheres or more, but lower pressures (1 to 7 atmo-
spheres) are preferred. Method D below specifically
exemplifies the present reduction, which is preferably
carried out on acetal protected compounds, avoiding
any possible concommitant reduction of aldehyde or
hydrazone.

Selective Acylation of Aminomethyl

Using mild conditions, the present C-14 aminomethyl
group is generally selectively acylated, regardless of
what other groups are present in the molecule. How-
ever, it is preferred to have mycaminose hydroxyls
protected as a (C3-Cs) alkanoate ester. Conditions are
essentially the same as those used to acylate C-14 hy-
droxymethyl groups but are generally milder (e.g. less
excess of acylating agent and tertiary amine, no 4-dime-
thylaminopyridine; lower temperature and shorter reac-
tion time). Method Q below spemﬁcally exemplifies the
present N-acylation. |

Selective Deacylation of Mycaminose Esters

(C2-Ce)Alkanoate esters of mycaminose esters are
readily and selectively hydrolyzed in methanol. Tem-
perature is not critical, e.g., 0°-50° C. is satisfactory.
Conveniently, ambient temperature is employed.
Method B below specifically illustrates the present
deacylation.

Deacetalization

Deacetalization is readily accomplished by acid cata-
lyzed hydrolysis in an aqueous or aqueous organic sol-
vent such as 1:1 acetonitrile:water or 1:1 ethyl acetate:-
water. Generally, a relatively strong acid such as di-
fluoroacetic acid or hydrochloric acid, in submolar or
multimolar quantities 1s used as the acid. Temperature 1s
not critical, e.g., 0°~50° C. is satisfactory; conveniently,
ambient temperature is used. Method F below provides
specific examples of the present deacetalization.

Hydrazone Formation

Hydrazones of the present invention are readily
formed by reaction of 6-formylmethyl compounds with
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10

the appropriate 1,1-disubstituted hydrazine (substan-
tially one molar equivalent) in a reaction inert solvent,
such as a lower secondary alcohol (e.g., 2-propanol).
‘Temperature is not critical, e.g., 0°-50° C. is satisfac-
tory; conveniently ambient temperature is used. When a
hydrazone is the ultimately desired product, it is gener-

ally carried out at a late stage in the sequence, for exam-
ple after 14-hydroxymethyl is converted to formyl and
reductively aminated.

As noted above, these unit processes are combined in
many sequences, to form desired antibacterial products
from starting matertals in turn derived from tylosin,
CP-56,064 or CP-56,063. For example, compound of the
formula (V) wherein B=R!=H, Al=0H,
R6=CH3CO and R7=CHj3 (derived from CP-56,063
via Preparations 4-11 and Example Al) is converted to
(@) compound of the formula (II) wherein A=O0H,
Y =oxygen and R1=H by deacetalization and mycami-
nose ester deacylation; (b) compound of the formula (1I)
wherein A=Br, Y=oxygen and R!=H by conversion
of C-14 hydroxymethyl to mesylate ester followed by
displacement with bromo and finally deacetalization
and acetate hydrolysis; (c) compound of the formula
(I wherein A=0H, Y=NN(CHz) and
R1=CH3;CH,CO by selective C-3 propionylation, dea-
cetalization, hydrazone formation with l-aminopipern-
dine, and mycaminose deacetylation; or (d) compound
of the formula (II) wherein A=N(CH;CH>);0,
Y =oxygen and R1=0H by selective C-3 acetylation,
hydroxymethyl oxidation to formyl, reductive amina-
tion using morpholine, deacetalization and mycaminose
deacylation. Many other ‘sequences will be evident on
review of the specific examples.

The present mycaminosyl tylonolide starting material
is derived according to literature methods. Other start-
ing materials are derived from CP-56,064 and CP-
56,063, of the formulae

N(CH3)2 (VII)

CHO :
. H_O,-, 7, wpnb
CH;

\\x\\"“ﬁo O CH3

IMOH

=0

CP-56,064
and
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-continued
N(CH3)2 (V1)
CHO
HQ, 7 \\"-“ORb
2
\xx\u\\""g O CHs
WINOH
=0
R40
CP-56,063
CHj 9, O CHj
R? = R? =
HON " “OCH; “non
OCH 3

respectively, whose preparation by fermentation and

1solation are detailed in Preparations 1-3 below.

CP-56,064 and CP-56,063 are converted to com-
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35

pounds presently useful as starting materials via inter- 40

mediate compounds of the formulae

(IX)

R€O

and

45

50

35

65

12
~-continued
N(CH3)2 (X)
ORA |
CH;j
!
%OCH;J,
R¢ R4 - Q Zl/z72
a H H CHO H/OH
b H H - CH(OR"); H/OH
c H  (Cy-Cg)alkanoyl CH(OR’); H/OH
d H (C;-Cgalkanoyl CH(OR7), A
H/OC~N  \
I N
° \/
e TMS (Cy-Cglalkanoyl CH(OR),
H/OC—N A
| N
° IN
f TMS (C3-Cglalkanoyl CH(OR7); H/OH
g TMS (C3-Cgalkanoyl CH(OR'); oxygen
h H (Cy-Cg)alkanoyl CH(OR); oxygen

(wherein R7 is as previously defined and TMS = trimethylsilyl)

The conversions:

CP-56,064 (IXa)—-(IXb)—(IXc)(IXd)—(1Xe)—

(IXD) —-(IXg)-(IXh)

and:

CP-56,063 (Xa)—{(Xb)—»(Xc)—(Xd)—(Xe)—>
(Xf)—(Xg)—(Xh)

are detailed in Preparations 4-11 below. The final stage
selective removal of the oxidized sugar Re¢ (Z! and Z2
together=o0xygen) is accomplished with ammonium

“acetate (molar excess) in a reaction-inert solvent such as

lower secondary alcohol (2-propanol is well suited).
Elevated temperature, e.g. 60°-100° C. is generally
employed, the reflux temperature of 2-propanol being

‘well-suited (see Method A below).

The pharmaceutically-acceptable acid addition salts
of IIa are IIb are readily prepared by contacting the free
base with a molar equivalent of the appropriate mineral
or organic acid in an aqueous or organic solvent. If the
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salt directly precipitates, it is simply recovered by filtra-
tion. Otherwise it is isolated by concentration and/or
addition of a nonsolvent.

The in vitro antibacterial activity of the compounds
of the formulae (I) and (II) was demonstrated by mea- 5
suring their minimum inhibitory concentrations (MIC’s)
in mcg/m! against a variety of microorganisms. The
procedure which is followed is the one recommended
by the International Collaborative Study on Antibiotic
Sensitivity Testing [Ericcson and Sherris, Acta. Pa-
thologica et Microbiologia Scandinav, Supp. 217, Sec-
.tions A and B: 64-68 (1971)], and employs brain heart
infusion (BHI) agar and the inocula replicating device.
Overnight growth tubes are diluted 100 fold for use as
the standard inoculum (20,000-10,000 cells in approxi- 15
mately 0.002 ml are placed on the agar surface; 20 ml of
BHI agar/dish). Twelve 2 fold dilutions of the test
compound are employed, with initial concentration of
the test drug being 200 mcg/ml. Single colonies are
disregarded when reading plates after 18 hours at 37° C.
The susceptibility (MIC) of the test organism is ac-
cepted as the lowest concentration of compound capa-
ble of producing complete inhibition of growth as
judged by the naked eye. A comparison of the in vitro
activity of various compounds of the formulae (I) and 55
(I1) with tylonolide is recorded in Table 1.

TABLE 1
" In Vitro Antibacterial Activity of

Compounds of the Formulae (I) and (IT)

10

20

Micro- Minimum Inhibitory Concentration 30
organ- | (MIC) meg/ml

18m @ @® € @ ¢ O ® O O
Staph. 0.78 078 0.10 039 020 3.12 078 078 0.78
aur. 5 |

Staph. 078 078 020 039 020 312 078 156 156 35
aur. 52

Staph. 1.56 078 020 156 020 3.12 039 156 156
aur.

400

Staph, 312 — — - - - 2 —

epi. 87

Staph. 156 156 010 078 020 156 020 078 078 40
epi, 111 |

Staph. 078 156 156 625 078 156 078 3.12 1.56
epl. 126

Strep. 078 039 0.10 3.12 039 625 078 312 039
faec. 6

Strep. .I0 — — - e — 002 039 020 45
pneum. - '

12

Strep. 039 020 005 010 010 03% 039 020 020
Pyog.

203 -

Bac. — 078 020 078 010 078 010 — — 50
sub. 1 |

E coli 312 ~— e — — - 078 156 6.25
470

Fast, 1.56 3.12 312 — 15 625 15 156 1.56
mult. 1

Neisss. 625 156 078 078 039 312 156 125 1356

sic. 33
e ————— v ————————————————————
(a) Micaminosyl tylonolide; |

(b) Compound (I, A = OSO;(pCH3CeHs), Y = oxygen, R! = H);

(c) Compound (I, A = 0502(PCH3C5Hs)f Y = NN(CHz);, R! = H};

(d) Compound (I, A = I, Y = oxygen, R* = H)

(¢) Compound (I, A = 1, Y = NN(CH3),, R! = H);

(f) Compound (I, A = N(CH3);, Y = oxygen, R! = CH3CO); 60

(g) Compound '(Ir A = Cl, Y = oxygen, R* = H);
(h) Compound (I, A = N(CHs3)3, Y = oxygen, R! = H);
() Compound (I, A = N(CHa)y, Y = oxygen, R! = H).

Many compounds of the formulae (I) and (II) also
exhibit in vivo activity against infections by sensitive 65
bacteria, as summarized in Table 2. In determining such
activity, acute experimental infections are produced in
mice by the intraperitoneal inoculation of the mice with

14

a standardized culture of the test organism suspended in
5 percent hog gastric mucin. Infection severity is stan-
darized so that the mice receive at least one LD 9o dose
of the organism (I.D100: the minimum inoculum of or-
ganism required to consistently kill 100 percent of the
infected, nontreated control mice). The test compound
is then subcutaneously or orally administered at various
dosage levels to groups of infected mice. At the end of
the test, the activity of the mixture is assessed by count-
ing the number of survivors among treated animals at a
given dose. Activity is expressed as the percentage of
animals which survive at a given dose, or calculated as
a PDsp (dose which protects 50% of the animals from
infection). A comparison of in vivo activity of various

compounds of the formulae (I) and (II) is shown in
Table 2. |

- TABLE 2
Subcutaneous In Vivo Acitivity of

Compounds of the Formulae (I) and !!!!W

Compound PDso (mg/kg)
(a) . 3.12
(b) 19
© 0
(e) greater than 50
(8) 13
(h) 2.4

a)-(h) See Table 1 footnotes for identity of compounds
All compounds tabulated showed oral PDsg greater than 200 mg/kg.

For the treatment of systemic infections in animals,
including man, caused by suseptible microorganisms,
compounds of the formulae (I) and (II) are dosed at a
level of 2.5-100 mg/kg per day, perferably 5-50
mg/kg/day, usually in divided doses. Variation in dos-
age will be made depending upon the individual and
upon the susceptibility of the microorganism. These
compounds are dosed orally or parenterally. The pre-
ferred route of administration is parenteral unless blood

level determination following oral administration indi-
cates good oral absorption. Such blood levels are
readily determined using a bioassay based on standard
dilution or disc-plate methods with a susceptible micro-
organisin. |

The susceptibility of microorganisms isolated in the
clinics is routinely tested in clinical laboratories by the
well-known disc-plate method. The preferred com-
pound is that which shows the largest diameter zone of
inhibition against the bacteria causing the infection to be
treated. | | | |

Preparation of optimal dosage forms will be by meth-
ods well known in the pharmacists art. For oral admin-
istration, the compounds are formulated alone or in
combination with pharmaceutical carriers such as inert
solid diluents, aqueous solutions or various non-toxic
organic solvents in such dosage forms as gelatin cap-
sules, tablets, powders, lozenges, syrups and the like.
Such carriers include water, ethanol, benzyl alcohol;
glycerin, propylene glycol, vegetable oils, lactose,
starches, talc, gelatins, gums and other well known
carriers. The parenteral dosage forms required for the
above systemic use are dissolved or suspended in a
pharmaceutically-acceptable carrier such as water, sa-
line, sesame oil, and the like. Agents which improve the
suspendability and dispersion qualities can also be
added. |

For the topical treatment of superficial infections in
animals, including man, caused by susceptible microor-
ganisms, the antibacterial compounds are formulated by
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methods well known in the pharmacist’s art into lotions,
ointments, creams, salves, gels, or the like at concentra-
tions in the range 5-200 mg/cc of the dosage form,
preferably in the range 10-100 gm/cc. The dosage form
1s applied at the site of infection ad 11b1tum generally at 5
least once a day. |

- When the antibacterial compounds of the present

invention are used as preservations of biodegradable

materials, they are simply blended with the biodegrad-

able material at a concentration which is at least suffi-
cient to inhibit the growth of the bacteria causing bio-

- degradation. Routine serial dilution techniques can be

used to determine the concentrations necessary to

achieve the desired purpose.

- When the antibacterial compounds of the present;
invention are used as growth promotants in domestic

food animals, they are provided at low levels (e.g. 10 g

to 100 g of compound per ton of feed). Blendlng of the

compound with feed is usually accomplished in two

stages, first in the preparation of a preblend (e.g. 10-100

g of compound blended with 10-20 Ib of soybean mill

run or the like), which is then blended with the feed at

the time of milling.

When these compounds are used as industrial disin-
fectants, they are generally applied as dilute solutions to
the surfaces which are to be disinfected.

The present invention is illustrated by the following
examples However, it should be understood that the
invention is not limited to the specific details of these
Examples. All temperatures are in °C. All unspecified
temperatures are ambient (room) temperature. All tlc
(thin layer chromatography) employs commercial silica
gel plates containing U.V. detector. All solvent ratios
are volume:volume. Solutions were dried over anhy-
drous NazS0Oy4. All solvents were stripped in vacuo.

METHOD A

SELECTIVE REMOVAL OF OXIDIZED
MYCINOSE SUGAR

10

20

30

35

EXAMPLE Al z 40
Compound (IV, B=R!=H, Al1=0H, R6=CH3CO,
R’=CH3) from Compound (Xh, R’= =CH3,
R4=CH3CO)

Title product of Preparation 1! (0.1 g, 0.1 mmole)
was dissolved in 10 mi isopropanol. Ammonium acetate
(0.1 g) was ended and the mixture heated at reflux for

one hour, then cooled and stripped to yleld title product
“as a foam, 85 mg, tlc (ethyl acetate) RA.32

By the same method, the other products of Prepara-
tion 11 are converted to:

(IV, B=R1l=H, Al1=0H, R6=
(IV, B=RI!=H, A1=0H R6=
together=—(CH3)—) .
IV, B=Rl=H, Al=0H, R6=CHj3(CH,),CO,
R7=CHj3)

(III, B=R!=H, Al=0H, R6=CH3CO, R’ =

~ METHOD B

SELECTIVE DEACYLATION OF ACYLATED
MYCAMINOSE SUGAR

EXAMPLE Bl

Compound (IV, B=R!=R6=H, Al=
from Compound IV,
Ré=CH3CO, R7=CHj3)
Title product of Example A1 (85 mg) was stirred for
18 hours in 2.5 ml methanol. The reaction mixture was
stripped, dissolved in ethyl acetate and adjusted to pH

45

-30

=CH3CO, R7=CyHjs)
= CH3CO, both R7

55
= CH3).

=O0H, R7=CHj)
B=R!=H, Al=0OH,
65

25
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2.0 with dilute HCI. The aqueous phase was separated
and extracted at pH 4.0, 5.5, 6.0, 6.5 and 10.0 with ethyl

acetate. The pH was adjusted with dilute NaOH. Ex-

- tracts at pH 6.0, 6.5 and 10.0 were combined and evapo-

rated to yield title product, 69 mg; tlc (5:1 CHCly:me-

- thanol/trace NH4OH) Ry 0.42; tlc (ethyl acetate) Ry
- 0.03.

By the same method the butyrate ester of Example
Al is converted to the same product, while the other

- esters of Example A1 are converted to:

(IV, B=R!=R6=H, A!=0H, R7=CsHs)

(IV, B=Rl=R%=H, Al1=0H, both R7 together-

=—(CHz)r—)
15

(11, B=R1=R6=H, Al=0H, R7--CH3)

By the same method, isobutyrate, isovalerate and
t-butyrate esters of Example C1 are converted to the
same product, and the products of Example D1 are

converted to the corresponding compounds of the for-

mula (IV) wherein B=R!=R6=H, R7=CH3 and Al
=0802(pCH3CeHy), OSO:C¢Hs, OSO1(pCICeH4),
0SO,(pCH30CsH), OSO(pBrCeH),
- OSO,CH)yCsHis, OSO,;CH;, OCOCHs;,
OCO(CH>)2CH3, OCOCH,CH(CH3)s,,
OCOCHC(CH3)3, OCO(CH,)4CH,, OCOCgH;,
OCO(0C2HsOCsHy), OCO(3-CH;30-4-CH3CgH3),

0COR2,5-(CH3)2C¢H3) or OCO(CHCH(pCICeHy).
' EXAMPLE B2

Compound (IV, B=RI=R6=H, Al=N(CHy),

R7=CHj3) from Compound (IV, B=R!=H, Al

=—(N(CH3)7, R6=CH;3CO, R7=CH3)

Title product of Example E1 (17 mg) was dissolved in
methanol (2 ml), stirred 18 hours, and then evaporated
to yield title product. The entire batch was used in
Example F1.

By the same method, the other products of Example
El are converted to the same compound; to the corre-
sponding compounds of the formula (IV) wherein
B=RI=R6=H, R’=CH; and Al=—N(CHj),,
—N(CzHs);, —N(CH3)(nC3H7), —N(CH3)(nC4Hy),
—N(C2H5)(1C3H7), —N(nC3Hy)3, —N(iC3H7);, —N-
(iC3H7)(tC4Hy), —N(nC4Ho)s, —N@nCsHi1),
—[N(CH(CH3)CH,CH(CH31)2)2, —N(CH23)s,
—N(CH3)s, —N(CHj)4, or —N(CH3CH>»),0; to com-
pounds of the formula (IV) wherein B=R1=R6==1i,
Al=-—N(CH3)7 and R7=C3Hs or both R7 together-
=—-(CH3)2—~; or to a compound of the formula (III)
wherein B=Rl=R6=H, Al=—N(CHy); and
R7=CHj;.

EXAMPLE B3

Compound (I, A =08S0(pCH3C¢Hy), Y =NN(CHj)s,
Rl=H) from Compound (V, A =0SO(pCH3;CcHy4),
Y =NN(CHj3);, R1==H, R8==CH3CO

The product of Examples D3/12 (0.4 g) was stirred
for 48 hours in 15 ml methanol, by which time tlc indi-
cated reaction to be complete. Stripping gave title prod-
uct, 0.35 g; tlc (ethyl acetate) R(0.02; tlc (3:1 CHCl3:me-
thanol) Rf0.52.

By the same method, other compounds of Example
D3 are converted to compounds of the formula (I)
wherein A=08SO(pCH3CsH4), Rl is H and Y is
NN(CaHs)z,  NN(CH3)s, NN(CHz)s  or
NN(CH2CH»),0.
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EXAMPLE B4

Compound (I, A=I, Y=oxygen, R!=H) from Com-
pound (V, A=I, Y=oxygen, RI=H, R8=CH3CO)

By the procedure of Example B3, aldehyde title prod-
uct of Example J1 (120 mg) was converted to present
title product, 90 mg; tlc (ethyl acetate) Rr0.02; tic (3:1
CHCl3:methanol) Rf0.51.

EXAMPLE B5

Compound (I, A=I, Y=NN(CH3);, R1=H) from
.Compound (V, A=I Y=NN(CHi3);, Rl=H,
R8=CH3;CO)

By the procedure of Example B3, hydrazone title
product of Example J1 (0.24 g) was converted to pres-
ent title product, 0.2 g; tlc (ethyl acetate) Rf0.02; tic (3:1
CHCl3:methanol Ry0.44.

By the same method, other hydrazones of Example J1
are converted to compounds of the formula (I) wherein

A=I, R!=H, and Y=NN(C;Hs);, NN(CHj)s,
NN(CH3)s or NN(CH2CH?2)20.

EXAMPLE B6
Compound (III, B=R6=H, Al!=0OH, R!=CH;3CO,

R7=CHj3) from Compound (III, B=H, Al=O0H,
R1=R6==CH3CO, R7=CH3)

Title product of Example L1 (1.3 g) was converted to
present title product according to Example B3, 1.2 g, tic
(acetone) Rr0.25.

By the same method other compounds of Example
L1 are converted to compounds of the formula (III)
wherein B=R¢%=H, Al=0H, R’=CHj3 and
R1=CH3;CH>CO, CH3(CH;);CO, CH3CH(CH3)CO or
CH;CH;CH(C2H5)CO:; as well as the compounds: .

(IV, B=R6=H, Al1=0H, R!=CH3CO, R’=CH3)
(I, A=0OH, Y=o0xygen, Rl—-CHgCO) (IV, B=R6=H,
AI*—OSOz(pCH:;CﬁHnt) R1=CH3;CO, R’=CHj3)

1, A =0S02(pCH3CsHa), Y =NN(CH3)y,
R1=CH3CO).

EXAMPLE B7

B=R1=R¢=H, Al=0OCOCH;,
R7=CH3) from Compound (III, B=RI1=H,
R6=CH3CO, Al==0COCH3, R7=CHj3)

By the method of Example B3, title product of Exam-
ple D4 (0.8 g) was converted to present title product,
0.8 g; tlc (ethyl acetate) Rr0.02; tlc (2:1 acetone:me-
thanol) 0.38.

By the same method, the other products of Example
D4 are converted to compounds of the formula (III)
wherein B=R1=R6=H, R7=CH3 and Al
=QCOCH;CH3;, OCOCH(CH3);, OCO(CH3)4CHs3,
OSO,CH3, 0S0O,CeHs, OSO;CH2CeHs, OCOCgHs,
OCO(mCH3;0C¢Hy), OCO(FCgHg), OCO(2,5-
ClhCsH3), OCO(3-F-4-CH3CgH3) or
OCOCH(pBrCegHa).

EXAMPLE B8,

Compound  (III, B=R!=R®=H, Al=N-
HSO,(pCH3CHs), R7=CH3) from Compound (111,
B=R1=H, Al=NHSO;(pCH3CsHs), Ré=CH;3CO,
R7=CH3)

By the procedure of Example B2, title product of
Example Q1 (0.46 g) was converted to present title
product. The entire batch of product was used directly
in the next step (Example F3).

By the same method, other products of Example Q1
are converted to compounds of the formula (III)

Compound (1II,
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wherein B=RI=R6=H, R7=CH3 and A!=N-
NSO>(nCsH7), NHSO2(CsH7), NHSO(pCICsHy),
NHSO,CH;CsHs, NHCOCH3;, NHCOCH;CH(CH3)3,
NHCO(CH,);CHj, NHCOCgHs,
NHCO(mCoHsCsHa), NHCO(3,5-Cl,CsHj3 or
NHCH2(pCH30CsHy); compound (IV,
B=R!=R6=H, Al=NHSO(pCH3C¢Hs), R7=CH>);
or compound (I, A=NHSO2(pCH3C¢Has), Y =0xygen,

‘R1=H).

EXAMPLE B9

Compound (I, A=Cl, Y=o0xygen, RI=H) from Com-
pound (V, A=Cl, Y=o0xygen, Rl=H, R¥8=CH3CO)

Using a 24 hour reaction time, the entire batch of title
product from Example F6 (0.11 g) was converted to
present title product (crude), purified by taking into
water and ethyl acetate, adjusting to pH 10.0 with dilute
NaOH, and separating, drying and stripping the organic
layer, 0.1 g, tlc (3:1 CHCl3:methanol) R¢0.30.

METHOD C

SELECTIVE ACYLATION OF MYCAMINOSE
SUGAR

EXAMPLE C1

Compound (IV, B=R!=H, A!=0H, R®=CH3CO,
R7=CH3) from Compound (IV, B= RI—RG—H Al-
=0H, R’"=CH3)

Title product of Example B1 (44 mg, 0.067 mmole)
and acetic anhydride (0.02 ml, 0.26 mmole) were com-
bined in 5 ml ethyl acetate and stirred for 18 hours by
which time tlc indicated reaction was complete. The
mixture was then diluted with 5 ml H,O, stirred for 0.5
hour and adjusted to pH 9.5 with dilute NaOH. The
organic layer was separated, dried and stripped to yield
title product, 44mg, tlc (ethyl acetate) Rr0.3-0.42.

By the same method other compounds of Example Bl
are converted to:

IV, B=R!=H, A1=0H, R6=CH3CO, R’=C;H5)
(IV, B=R1=H, Al—OH R6=CH3;CO, both R7
taken together =—(CHj3)2—)

(III, B=R!=H, A1=0H, R%=CH3CO, R7"=CHy).
Substituting an equivalent amount of the appropriate

acid anhydride for acetic anhydride in this process pro-

duces compounds of the formula (IV) wherein
B=RI!=H, A1=0H, R7=CHj3 and R¢is CH3;CH,CO,
CH(CH3),CO, CH(CH3);CH,;CO or C(CH3)3CO.

EXAMPLE C2

Compound (III, B=R!=H, Al=0H, R¢=CH;CO,
R7=CH3) from Compound (III, B=R!=R6=H, Al-
=QH, R7=CH3)

Title product of Example G1 (12.8 g, 19.9 mmole),
CH;Cl3 (100 ml) and acetic anhydride (7.5 ml, 79.6
mmole) were combined and stirred for one hour, by
which time tlc indicated reaction was complete. The
mixture was diluted with 100 ml H,O, adjusted to pH
10.0 with 1IN NaOH and the organic layer separated,
dried and stripped to yield title product as a foam, 14 g;
tlc (3:1 CHCl3:methanol) Rs0.88; tic (ethyl acetate) Ry
0.43; tlc (ether) Rr0.27.

By the same method other compounds of Example
G1 are converted to corresponding compounds of the
formula (III) wherein B=R!=H, Al=0H,
R6=CH3CO and R7=nC3;H7 or both R7 together
=—CHyCH(CH3)—; or of the formula (IV) wherein
B=R!=H, A!1=0H, R6=CH3CO and R’=CHj3 or
nC3Hy, or both R7 together =—(CH,CH(CH3)—.
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EXAMPLE C3

Compound (V, A=OH, Y=oxygen, Rl=H,
R8=CH3CO) by Acetylation of Desmycarosyl De-
smycinosyl Tylosin  (Desmycinosyl  Tolonide;
Mycaminosyl Tylonolide)

According to the method of Example C2, mycamino-
syl tylonolide [Omura et al., Tetrahedron Letters No.

12, pp. 1045-1048, 1977; tic (3:1 CHCl3:methanol) Ry

0.3; 35.5 g, 0.059 mole] was reacted with acetic anhy- 10

dride and product isolated as a foam, 42.5 g; tlc (3:1
CHCl3:methanol) Rf0.78; tlc (ethyl acetate) Rr0.05.

By the same method compound (II, A=OH, Y =oxy-
gen, R1=H) of Example F1 is converted to compound
(VI, A=0OH, Y=0xygen, R1=H, R8=CH;3CO).

METHOD D

SELECTIVE ACYLATION OF
HYDROXYMETHYL SIDE CHAIN

EXAMPLE D1

Compound (IV, B=R1=H, Al=0S0(pCH3CcHa),
R6=CH3CO, R7=CH3) from Compound (IV,
B=R!=H, Al=0H, R6=CH3CO, R7=CH3)

Title product of Example Al or Cl1 (44 mg, 0.06
mmole), p-toluenesulfonyl chloride (28 mg, 0.15
mmole), triethylamine (0.02 ml, 0.15 mmole) and a cata-
lytic amount of 4-dimethylaminopyridine (10 mg) were
combined in 5 ml CH»Cl; and stirred 18 hours, by
which time tlc indicated complete reaction. The reac-
tion mixture was stripped to a foam, which was dis-
solved in ethyl acetate, diluted with water, adjusted to
pH 2.5 with dilute HCI and the layers separated. The
organic layer was combined with fresh H;O, adjusted
to pH 9.5 with dilute NaOH and the organic layer
reseparated, dried and stripped to yield title product, 50
mg, tlc (ethyl acetate) Rs0.74.

Substituting an equivalent of the appropriate sulfonyl

chloride or carboxylic acid chloride for p-toluenesulfo-

nyl chloride in this process produces the corresponding

compounds of the formula (IV) wherein B=R!=H,
Ré=CH3CO, R7’=CH3; and A!=0S0,CcHs;,
OSSO, (pCICsHa), OSSO (pCH30CcHy),
OSO2(pBrCsHa), OSO,;,CH,CsHs, OSO,;CHj;,
OCOCH;3;, OCO(CH;);CH3, OCOCH;CH(CH3)3,
OCOCH,;C(CH3);, OCO(CH3»)4CH3, OCOC¢Hs,
OCO(0C2H5s0CgHa), OCO(3-CH30-4-CH3CgHa3),

0CO(2,5-(CH3);CsH3) or OCOCHCH 3(pCICsHa).

By the same method, other compounds of Example
C1, as appropriate, are converted to compounds of the
formula (IV) wherein B=R!=H, Al-
=08S02(pCH3CsHs), R7=CH3 and R=CH3CH,CO,
CH(CH3)2CO, CH(CH3)>2CH2CO or C(CH3);CO; to
compounds of the formula (IV) wherein B=R1=H,
Al=080;(pCH3CsHy), R6=CH3CO and R7=C;,Hs,
or both R7 are taken together and are (CH2)2; or to a
compound of the formula (III) wherein B=R!=H,

Al=0S0(pCH3CsHas), R6=CH3CO and R7=CHj.
EXAMPLE D2
Compound (V,A=0S02(pCH3CsH4), Y =o0xygen,

Rl=H, R8= CH3CO) from Compound (V, A=OH,
Y =oxygen, Rl=H, R8&=CH3CO)

Title product of Example C3 (5.3 g, 7.8 mmoles),
p-toluenesulfonyl chloride (24 mmole) and triethylam-
ine (3.4 ml, 25 mmole) were combined in 150 ml
CH2Cly and stirred 18 hours, by which time tlc indi-
cated reaction complete. The mixture was poured into

150 ml water, adjusted to pH 10.0 with Ko2CQO3 and the
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organic layer separated, stripped to a first foam, taken
up in S0 ml ether, precipitated with 300 ml hexane, and
tacky solids recovered by decantation. The tacky solids
were triturated with fresh hexane, taken up in ethyl
acetate and restripped to yield title product as a second
foam, 5.0 g, tlc (ethyl acetate) Rr0.63.

EXAMPLE D3

Compound (V, A=08S0(pCH3CgHs), Y =NN(CH3)3,
Rl=H, R¥=CH3CO) from Compound (V, A=0H, -
Y =NN(CH3);, R1=H, R8=CH;3CO)

By the procedure of Example D2, using IN NaOH
for pH adjustment, title product of Example 11 (8.2 g,
11.3 mmoles) was converted to crude title product (11.7
g, corresponding to the first foam of that Example). The
crude product was chromatograhed on 100 g silica gel
(30 mm diameter column) with 3:1. CHCljs:acetone as
eluant. After developing the column with 100 ml of
eluant, 8 ml fractions were collected. Fractions 30-70
were combined and stripped to yield title product, 3.5 g;
tic (ethyl acetate) Rr0.46; tlc (3:1 CHCl3:methanol) Ry
0.36; tlc (ether) Ry 0.11. Fractions 20-30 gave 1.7 g
additional title product contaminated with p-toluenesul-
fonyl chloride.

By the same method, the other compounds of Exam-
ple I1 are converted to compounds of the formula (V)
whrerein A=080,(pCH3C¢H4), R1=H, R2=CH3CO
and Y=NN(C2Hs);, NN(CHj)s, NN(CHjy)s, or
NN(CH,CH)»),O0.

EXAMPLE D4

(111, B=R!=H, Al=0COCHj;,
R6=CH3CO, R7=CH3) from Compound (III,
B=R!=H, A1=0H, R°=CH3CO, R’=CH3)

Title product of Example C2 (1.5 g, 2.0 mmole) was
dissolved in 25 ml ethyl acetate. Acetic anhydride (0.2
ml, 2.2 mmoles) and then triethylamine (0.3 .ml, 2.2
mmoles) were added and the mixture stirred 18 hours
by which time tlc indicated reaction about § complete.
Additional acetic anhydride (0.1 ml) and triethylamine
(0.15 ml), together with 10 mg 4-dimethylaminopyri-
dine, were added. After 3 hours, tlc indicated reaction
was complete. The reaction was poured into 50 ml of
water, stirred to decompose excess acetic anhydride
while adjusting to pH 10.0 with 1N NaOH. The organic
phase was separated, dried, stripped to a foam (1.4 g)
and chromatographed on 30 g silica gel in a 25 mm
diameter column, using ether as eluant and collecting 7
ml fractions. Fractions 40-110 were combined and
stripped to yield title product, 0.8 g; tic (ethyl acetate}
Rr0.78; tlc (2:1 acetone:methanol) Rr0.95.

The same method, substituting an equivalent of the
appropriate acid anhydride or acid chloride for acetic
anhydride, yields additional compounds of the formula
(III) wherein B=R1=H, R6=CH3CO, R7=CHj3 and
Al=0COCH;CH3, OCOCH(CH3),;, OCO(CH;)4CH3;,
OSO,CH;, OS0OCeHs, OSOCH>CsHs, OCOCgH s,

Compound

OCO(mCH30C¢Hy), OCO(0FCgHy), OCO(2,5-
CL,CsH3), OCO(3-F-4-CH3CgH3), or
OCOCH(pBrC¢Hs).

EXAMPLE D5

Compound (III, B=R!=H, Al=0SO0(pCH3CsHas),
R6=CH3CO, R7=CH3) from Compound (II,
B=RI=H, A1=0H, R6=- CH3CO R7=CHj3)
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Title product of Example C2 (14.0 g, 19 mole), p-
toluenesulfonyl chloride (14.4 g, 76 mmole), triethylam-
ine (10.5 ml, 76 mmole) and 4-dimethyl- aminopyridine
(0.23 g, 1.9 mmole) were combined in 150 mi CH,Cl,
stirred to 1.5 hours (by which time tlc indicated com-
plete reaction), poured into 150 ml H0O and stirred 18
hours to decompose excess acid chloride. The organic
phase was separated, dried and stripped to yield title
product as a foam, 16.0 g, tlc (ether) Rs0.32.

METHOD E
REPLACEMENT OF SULFONYLOXY WITH
R2R3N

| EXAMPLE El
Compound (IV, B=R!=H, Al=—N(CHy),
R6=CH3CO, R7=CH3;) from Compound (IV,

B=R!=H, Al1=080,(pCH3CsHs), R’=CH3)

Title product of Example D1 (50 mg, 0.056 mmole),
perhydroazocine (heptamethylenimine, 0.09 ml, 0.6
mmole) and sodium iodide (9 mg, 0.06 mmole) were
combined in 3 ml acetone and refluxed for 24 hours.
The reaction mixture was diluted with ethy! acetate and
water, the pH adjusted to 2.0 with dilute HCl. The
aqueous phase was separated and extracted with fresh
ethyl acetate at pH 4.0, 6.0 and 10.0 (pH adjusted with
dilute NaOH). Extracts containing product by tlc were
combined and evaporated to yield title product, 17 mg,
tlc (ethyl acetate) Rr0.23.

Substituting perhydroazocine with an equivalent of
the appropriate amine yields additional products of the
formula (IV) wherein B=R!=H, R6=CH3CO,
R’7=CH3 and Al!=—N(CH3);, —N(C2Hs),
—N(CH3)(nC3H7), —N(CH3)(nC4Hy), —N(CzHs.
YiC3H7), —N(©C3H7)2,  —N(@GCsH7)s,  —N-
(iC3H7)(1C4Hp), —N(nCsHo), —N(@CsHi1)2,
—N(C;Hs)[CH(CH3)CH2CH(CH3)2]2,  —N(CHb2)s,
—N(CH3)5, —N(CH3)4 or —N(CH2CH3)20.

By the same method, the other sulfonate esters of
Example D1, as appropriate, are converted to the same
product; to a compound of the formule (IV) wherein
B=R!=H, Al=—N(CH>)7, R7=CHj; and
R6=CH3CH,CO, CH(CH3),CO, CH(CH3);CH2CO or
C(CH3)3CO; to a compound of the formula (IV)
wherein B=R!1=H, Al1=—N(CH3)7, R6=CH3CO and
R7=C3H;s or both R7 taken together =—(CH3)2—; or
to a compound of the formula (II) wherein B=R!=H,
Al=—N(CH3)7, RO=CH3CO and R7=CHj.

METHOD F
DEACETALIZATION
- EXAMPLE F1
Compound (II, A=—N(CH)7, Y=oxygen, R!=H)
from Compound (IV, B=R!=R6=H, Al
=-—N(CH3)7, R’=CHj3) '

Title product of Example B2, the entire batch was
dissolved in 4 ml 1:1 CH3CN:H;O. A single drop of
FoCHCO;H was added and the solution stirred 18
hours. Two more drops of F,CHCOOH were added
and the reaction mixture was stirred an additional 18
hours, then diluted with H2O and ethyl acetate, the pH
was adjusted to 8.5 with dilute NaOH and the organic
layer separated, dried and stripped to yield 7 g of title
product. Product was further purified by taking up in 30
ml each ethyl acetate and H2O, adjusting to pH 2.0 with
dilute HC] and separating the aqueous phase. The aque-
ous phase, adjusting pH with dilute NaOH, was ex-
tracted at pH 4.0, 5.5 and 7.0 with 30 ml of fresh ethyl

10

15

20

235

30

35

40

45

50

59

65

22
acetate at each pH value. The pH 7.0 extract was

washed with saturated NaHCOj3 and stripped to yield
purified title product, 3.7 mg, tlc (5:1 CHCl3:me-
thanol/trace NH4OH) Rr0.44.

By the same method the other compounds of Exam-
ple B2 are converted to the same compound; to the
corresponding compounds of the formula (II) wherein
Y is oxygen, Rlis H and A is —N(CH3)2, —N(CzHs)z2,
—N(CH3)(nC3H7), —N(CH3)(nC4Hg), —N(CzHs.
)iC3H7), —N(@nCsH7);,  —N@GC3H7)2,  —N-
(iCsH7)(tCsHo), —N(nC4Hoy)s, —N({nCsHii)2,
—N[CH(CH3)CH,CH(CH3)2]2, —N(CHy)s,
—N(CHj)s, —N(CH3)4, or —N(CH2CH?);0; or to
compound of the formula (I) wherein A is —N(CHz)7,
Y is oxygen and Rlis H. --

By the same method the products of Example B1 are
converted to a compound of the formula (II) wherein Y

is oxygen, R! is hydrogen and A is OH,
OSO(pCH3CgHy), 0OS02CeHs, OSO2(pCICgHay),
OSOLx(pCH30CsHa), OSO2(pBrCgHy),
0OSO;CH,CsH s, 0OS0O,CHj;, OCOCHs;,
OCO(CH2);CHs, OCOCH>CH(CH3)3,
OCOCH;C(CH3)3, OCO(CH2)4CH3;, OCOCeHs,
OCO(0C2H50CsHy), OCO(3-CH30-4-CH3CsH3),

OCO0(2,5-(CH3)2CsH3) or OCOCHCH3(pClCeHas); or
to a compound of the formula (I) wherein Y is oxygen,
R2 is hydrogen and A is OH.

~ EXAMPLE F2

Compound (I, A=0H, Y =o0xygen, R1=CH3CO) from
Compound (III, B=R6é=H, Al=0H, Ri=CH3CO,
R7=CH3)

Title product of Example B6 (1.2 g, 1.7 mmole) and
F,CHCO>H (0.28 ml, 4.4 mmole) were combined in 50
ml 1:1 CH3CN:H;0, stirred overnight, then poured into
50 ml each of H2O and ethyl acetate and the pH ad-
justed to 10.0 with IN NaOH. The organic phase was
separated, dried and stripped to yield title product as a
foam, 0.95 g, tlc (acetone) Rr0.25.

By the same method, other compounds of Example
B6 are converted to compounds of the formula (I)
wherein A=0H, Y=oxygen and Rl1=CH;3;CH;CO,
CHi(CH,),CO, CH;CH(CH3)CO - Or
CH3;CH,CH(C;H5)CO; compound (II, A=OH,
Y =oxygen, R!1=CH3CO); and compound (II, A=0-
SO, (pCH31CsHs), R1=CH3CO). R

EXAMPLE F3

Compound (I, A=N(CH3)2, Y=o0xygen, Rl=CH3CO)
from Compound (III, B=R6=H, Al=N(CHj),
R1=CH3CO, R’=CH3) |

Title product of Example N1 (0.1 g) was dissolved in
20 ml 1:1 HyO:ethyl acetate and the pH adjusted to 2.0
with IN HCI. After stirring 4 hours, the pH was ad-

justed to 1.7 and stirring continued 1.5 hours. To isolate,

the pH was adjusted to 10.0 with 1N NaOH. The aque-
ous phase was separated and extracted with 10 ml fresh
ethyl acetate. The two organic layers were combined,
dried and stripped to yield title product, 80 mg, tlc (3:1
CHCl3:methanol) Rr0.27. |

By the same method, other compounds of Example
N1 are converted to compounds of the formula (I)

wherein A =N(CHj)3, Y =oxygen and
R1=CH;CH,CO, CH3(CH;)CO, CH3;CH(CH3)CO,
or CH3;CH;CH(C2H5)CO; compound (1I,

A =N(CH3)2, Y=o0xygen, R1=CH3CO) or compound
of the formula (I) wherein Y=oxygen, Rl=CH3CO
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and A=N(CHs);, N(iC3Hy),,
N(CH2)7, N(CH3)4 or N(CH2CH3),0.

EXAMPLE F4

Compound (I, A=0COCHj3;, Y=o0xygen, R!=H) from
Compound (III, B=R!=R6=H, Al=0COCH;,
R7=CHj3)

By the procedure of Example F2 title product of
Example B7 (0.8 g, 1.2 mmoles) was converted to pres-

N(CH3)(nC4Hp),

>

ent title product, 0.5 g, tlc (2:1 acetone:methanol) Rr 10

0.40.

By the same procedure, the other compounds of Ex-
ample B7 are converted to compounds of the formula
(I) wherein Y=o0xygen, R!=H and Al
=0QCOCH;CH3, OCOCH(CH3);, OCO(CH;)4CHj3,
OS0O,CHj3;, OSOCgHs, OSOCH;CeHs, OCOCsHs,
OCO(mCH30CeHy), OCO(oFCsHy),
ClhCeH3), OCO(3-F-4-CH3CsH3)
OCOCH(pBrCgHa).

EXAMPLE F5

Compound (I, A=NHSO(pCH3CsHy), Y=0xygen,
R!1=H) from Compound (III, B=R!=R6=H, Al=N-
HSO2(pCH3C¢H4), R7=CH3)

By the method of Example F2, using a reaction time
of 25 hours, the entire batch of title product of Example
B8 was converted to present title product, 0.26 g; tlc
(ether) Rr0.02; tic (1:1 acetone:methanol) 0.55.

By the same method other compounds of Example B8
are converted to compounds of the formula (I) wherein
Y =oxygen, R1=H, and A=NHSO,(nC3H7), NHSO,.
(1CsHy), NHSO2(pCiC¢Ha), NHSO,CH2CgsHs,
NHCOCH;, | NHCOCH;CH(CH3),,
NHCO(CH,);CHj, NHCOCgH5,
NHCO(mCyHsCsHy), NHCO(3 5-ClhCgH3) or
NH(pCH30C¢Hg); or compound (II, Al=N-
HSO(pCH3CsHas), Y=o0xygen, R1=H).

EXAMPLE F6

Compound (V, A=Cl, Y=oxygen, RI=H,
R8=CH3CO) from Compound (111, B=R!=H,
Al=C], R6=CH3CO, R7=CHj3)

By the method of Example F5, title product of Exam-
ple H1 (0.13 g, 0.17 mmole) was converted to present
title product (0.11 g), the entire batch used in the next
step (Example B9).

METHOD G
ACETAL FORMATION
EXAMPLE Gl

Compound (IIl, B=R1=R6=H, A!=0H, R7=CHj)
by Dimethylacetalization of Mycaminosyl Tylonolide

Mycaminosyl tylonolide (see Example C3; 14.0 g,
23.4 mmoles), methanol (150 ml) and methanolic HCI
(1.87M, 23.8 ml, 46.8 mmoles) were combined and
stirred for two hours, by which time tlc indicated com-
plete reaction. The reaction mixture was added to 300
ml each of H>O and ethyl acetate, the pH was adjusted
to 10.0 with 1N NaOH and the organic phase separated,
washed 1< 150 mi saturated NaCl, dried and stripped to
yield title product as a foam, 12.8 g, tlc (3:1 CHCl3:me-
thanol) Rr0.44.

Substituting, respectively, an equal volume of 1-
propanol or 1,2-propandiol for methanol and an equiva-
lent of I-propanoclic HCI or 1,2-propandiolic HCI for
methanolic HCI yields the corresponding acetals of the

0CO(2,5-
or
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formula (IIT) wherein B=R!=R%=H, A1=0H and R7
is n-propyl or both R7 together=—CH;CH(CH3)—.

By these same processes, compound of the formula
(II), wherein Y=o0xygen, R!is hydrogen and A is OH
(Example F1) is converted to the corresponding acetals
of the formula (IV), wherein B=R!=R6=H, Al1=0H
and R7 is methyl or n-propyl, or both R7 together-
=—CHyCH(CH3)—.

METHOD H

~ SELECTIVE REPLACEMENT OF
HYDROXYMETHYL WITH HALOMETHYL

EXAMPLE H1

=R1=H, Al=Cl, R6=CH;3CO,
R7=CH3) from Compound (IIl, B=R!=H, A1=0H,
Ré=CH3;CO, R7=CHj3)

Title product of Example C2 (0.45 g, 0.62 mmole),
CCla (10 ml) and (CegHs)3P (0.4 g, 1.5 mmoles) were
combined and refluxed for 18 hours, by which time tlc
Indicated reaction was complete. The reaction was
stripped of solvent, the resulting foam triturated with
ether and the ether stripped to a second foam (0.59 g).
The second foam was chromatographed on 10 g silica
gel, collectmg 120X 2 ml fractions with CHCl3 as eluant
and monitoring by tlc. Fractions 35 and 36 were com-

Compound (III,

‘bined and stripped to yield purified title product; 0.15 g;

tic (ethy! acetate) Rr0.67; tlc (3:1 CHCl3:methanol) Rr
0.92.

By the same method, other products of Example C2
are converted to corresponding compounds of the for-
mula (III) wherein B=R1=H, Al=Cl], R=CH3CO
and R7=nC3H7 or both R7 together =—CH,CH(CH-

3)—; or of the formula IV wherein B=RI1=H, Al1=Cl,

Ro=CH3CO and R7=CHj3 or n-C3H7, or both R7 taken
together = —CH2CH(CH3)—.
METHOD 1
HYDRAZONE FORMATION
EXAMPLE 11
Compound (V, A=O0H, Y=NN(CHj3);, Rl=H,
R8=CH;3CO) from Compound (V, A=OH, Y =oxy-

gen, R1=H, R8=CH;CO})

Title product of Example C3 (10.0 g, 14.7 mmole)
1,1-dimethylhydrazine (1.2 ml, 16 mmole) and acetic
acid (0.1 ml, 1.5 mmole) were combined in 50 ml of
2-propanol, stirred 18 hours, then quenched into 150 ml
each H7O and ethyl acetate, and the organic layer sepa-
rated, dried and stripped to vield title product as a foam,
8.2 g, tlc (ethyl acetate) Rr0.23.

The same method, substituting an equivalent of the
appropriate hydrazine for 1,1-dimethylhydrazine, yields
additional compounds of the formula (V), wherein
A=0H, R1=H, R8=CH;3;CO and Y= =NN(C2Hj5),,
NN(CH2)4, NN(CHz)s, or NN(CH;CHz)zO

EXAMPLE I2

Compound (V, A=0S0(pCH3CsHa), Y=NN(CHa3),,
Rl=H, R8=CH;3CO) from Compound (V, A=0-
SO, (pCH3CeHa), Y=o0xygen, R1=H, R8=CH;3CO)

Using a reaction temperature of 40°-50° and adjusting
the aqueous phase to pH 10.0 with 1IN NaOH before
separating the organic phase in work-up, the procedure
of Example Il was used to convert title product of
Example D2 (4.7 g, 5.6 mmole) to present title product,
further purified by ether repulp, 3.2 g, identical with the
product of Example D3.
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METHOD J

REPLACEMENT OF SULFONYLOXY WITH
HALIDE

EXAMPLE J1

Compound (V, A=I, Y=NN(CHj);, R!=H,
R8=CH3CO) and Compound (V, A=I, Y=oxygen,

Rl1=H, R8=CH3CO) from Compound (V, A=0-
SO2(pCH3CeHy), Y=NN(CH3)y, RI=H,
R3=CH3CO)

. Title product of Examples I33/12 (1.0 g, 0.32 mmole),
3 ml 10% Nal and acetone (20 ml) were -heated to reflux
for 18 hours, by which time tlc indicated starting mate-
rial to be completely consumed. The reaction mixture
was poured into 60 ml each H,O and ethyl acetate, and
the organic phase separated, dried, stripped to a foam,
the foam taken up in ether, filtered from insoluble mate-
rial (0.15 g) and the filtrate restripped to a second foam,
0.7 g, which was chromatographed on 235 g silica gel in
a 20 mm diameter column with ether as eluant, collect-
ing 5 ml fractions. Fractions 28-55 were combined and
stripped to yield the title aldehyde, 120 mg; tic (ethyl
acetate) Rr0.70; tlc (ether) Ry 0.45. Fractions 65-150
were combined and stripped to yield title hydrazone,
240 mg; tlc (ethyl acetate) Rr0.47; tlc (ether) Rr0.22.
By the same method, other compounds of Example
D3 are converted to the same aldehyde and hydrazones
of the formula (V) wherein A=I, R!=H, R8=CH3CO
and Y is NN(CxHs);, NN(CH3)4, NN(CH3z)s or
NN(CH,CH>)0.

METHOD K
HYDRAZONE TO ALDEHYDE
(See Example J1)

METHOD L

SELECTIVE ACYLATION OF C-3 SECONDARY
HYDROXYL GROUP

EXAMPLE L1

Compound (III, B=H, Al!=QOH, R1=R6=CH;CO,
R7=CH3) from Compound (III, B=R!=H, A!=0H,
R6=CH3;CO, R’"=CH3)

Title product of Example C2 (4.0 g, 5.5 mmoles),
carbonyldiimidazole (0.98 g, 6.0 mmoles) were com-
bined with 50 ml CH,Cl,, stirred 4 hours (by which
time tlc indicated reaction was compiete), washed with
H>0, dried and stripped to yield intermediate in which
the hydroxymethyl group of starting material 1s pro-
tected with a 1-imidazolylcarbonyl group, 4.3 g, tlc
(ethyl acetate) Rr0.29.

This hydroxymethyl protected intermediate (1.0 g,
1.2 mmoles, acetic anhydride (0.23 ml, 2.4 mmoles,
triethylamine (0.33 ml, 2.4 mmoles and 4-dime-
thylaminopyridine (10 mg) were combined in 10 ml
ethyl acetate, stirred 18 hours (by which time tlc indi-
cated reaction was complete) and then combined with
15 ml H>O, the pH adjusted to 10.0 with 1N NaOH, and
the layers separated. The aqueous phase was extracted
220 ml ethyl acetate. The three organic layers were
combined, dried and stripped to yield a second interme-
diate in which the C-3 hydroxy group is acetylated and
the hydroxymethyl group remains protected, 0.9 g, tlc
(ethyl acetate) Rr0.28.

The second intermediate (0.9 g, 1 mmole), K2CO3
(0.14 g, 1.0 mmole) and 30 mli of 2:1 acetone:H0 were
combined and the solution stirred 2 hours, then poured
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into 50 ml each of H2O and ethyl acetate and the layers
separated. The aqueous layer was extracted 2xX20 ml
ethyl acetate. The three organic layers were combined,
dried and stripped to yield title product as a foam, 0.76
g; tlc (ethyl acetate) Rr0.54; tlc (3:1 CHCl3:methanol)
Rr0.37.

Substitution of an equivalent of the appropriate car-

boxylic acid anhydride or acid chloride for acetic anhy-
dride in this process yields compounds of the formula
(ITT) wherein B=H, Al=0H, R%=CH3CO, R7=CH;
and R1=CH3CH>»CO, CH3(CH3);CO,
CH3CH(CH3)CO or CH3CH2CH(C2H5)CO.

By the same three stage process title product of Ex-
amples A1/Cl1 1s converted to compound (IV, B=H,
Al=0H, RI=R6= CH3CO, R7=CH3) and title prod-
uct of Example C3 i1s converted to compound (V,
A=0H, Y =o0xygen, RI=R8=CH3CO).

Omitting the first (protection) and third (deprotec-
tion) steps, the same acylation process is employed to
convert title product of Example D1 to compound (IV,
B=H, A1*0802(pCH3C5H4), R1=R6=CH;3CO,
R7=CHa3), and title product of Example D3 is con-
verted to compound (V, A=0SO(pCH3CsHy),
Y=NN(CH3);, R1=R8=CH3CO).

METHOD M

OXIDATION OF HYDROXYMETHYL TO
- FORMYL

EXAMPLE M1

Compound (III, B and Al
R1=R6=CH3CO, R7=CHj3) from Compound (III,
B=H, Al=0H, R1=R%=CH3CO, R7=CH3)

Title product of Example L1 (2.7 g, 3.5 mmole) was
dissolved in dimethylsulfoxide (0.99 ml, 14.0 mmole)
and benzene (15 ml). 1-(3-Dimethylaminopropyl)-3-
ethylcarbodimide (2.0 g, 10.5 mmole) was added, the
mixture stirred 0.25 hour, then pyridinium trifluoroace-
tate (0.676 g, 3.5 mmole) was added. After an additional
0.5 hour, tlc indicated reaction complete. The reaction
mixture was poured into 100 ml 1:1 H;O:ethyl acetate,
adjusted to from pH 6.2 to 4.0 with 1IN HCI, and the
organic layer separated, combined with 50 ml fresh
H>0 and adjusted to pH 9.5 with 1IN NaOH. The or-
ganic phase was again separated, dried and stripped to
yield crude, unstable product as a foam, 2.6 g, tic (ethyl
acetate) Rr0.63. This product is stored at low tempera-
ture or used immediately in further process steps.

By the same method, other compounds of Example
I.1 are converted to compounds of the formula (III)
wherein B and Al together=oxygen, R!=CH3CO,
R7=CH; and R6=CH3;CH,CO, CHj3(CH;):CO,
CH3CH(CH3)CO or CH3CHCH(C2Hs)CO; or com-

together =o0xygen,

pound (IV, B and Al together=oxygen,
R1=R6=CH;3CO, R7=CH3).
METHOD N
REDUCTIVE AMINATION OF FORMYL
EXAMPLE N1
Compound (111, B=R6=H, == N(CH3)3,

R1=CH3CO, R7=CH3) from Compound (III, B and
Al together =oxygen, R!=R®=CH3CO, R7=CH3)
Freshly prepared, crude title product of Example M1
(2.6 g, estimated 2.0 mmole) was dissolved in 45 ml
methanol and dimethylamine hydrochloride (1.6 g, 20
mmole) added. The pH was adjusted to 5.5 with 6 drops
glacial CH3CO;H and the mixture stirred 20 minutes. A
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solution of NaBH3CN (0.1 g, 1.32 mmole) in 5 ml meth-
anol was added dropwise over 5 minutes and stirring
continued two hours, at which time tlc indicated unre-
acted aldehyde. More NaBH3CN (0.05 g) was added,
stirring continued 1.5 hours, the mixture poured into
200 ml 1:1 H>O:ethyl acetate, and the pH adjusted to 2.0
with 1 N HCl. The aqueous phase was separated, ad-
justed to pH 4.0, 6.0 and 10.0 with 1N NaOH, extracting
at each pH with 1 X 50 ml {resh ethyl acetate. The pH 10
extract was dried and stripped to a foam. To complete
hydrolysis of the sugar acetates, the foam was taken up
in methanol, stirred for 18 hours and stripped to a sec-
ond foam (0.41 g). The second foam was distributed in
40 ml 1:1 H>O:ethyl acetate at ph 6.4 (pH adjusted with
0.5N HCIl). The aqueous phase was separated, adjusted
to pH 6.8, 7.2 and 10.0 with IN NaOH, extracting at
each pH 1X20 ml ethyl acetate. The pH 7.2 and 10.0
extracts were combined, washed 1X40 ml H>O and
adjusted to pH 6.4 with 0.5N HCIl and the aqueous
phase again adjusted to pH 6.8, 7.2 and 10.0, again ex-
tracting at each pH. The last pH 10.0 extract was dried
~ and stripped to yield title product as a foam, 0.1 g; tlc
(ethyl acetate) Rr0.06; tlc (3:1 acetone: methanol) Ry
0.29.

By the same procedure, the other compounds of Ex-
ample M1 are converted to compounds of the formula
(II1) wherein B=R6=H, Al1=N(CH3),,
R1=CH3;CH,CO, CH3(CH;)2CO, CH3CH(CH3)CO or

CH3;CH,CH(C;H;5)CO; or compound (IV, B=R6=H,
Al=N(CHj);, R1=CH3CO).
Substituting the appropriate amine.HCl for

(CH3)2NH.HCI 1n this process produces the following
additional compounds of the formula (III) wherein
B=R6=H, R1=CH;3CO, R"==CH3zand Al=N(C;H5s)>,
N(@C3H7)2, N(CH3)(nCsHg), N(CH3z)7, N(CHz)s4 or
N(CH>CH3)20.

METHOD O
REPLACEMENT OF SULFONYLOXY WITH
AZIDO
EXAMPLE Ol
Compound (III, B=Rl=H, Al=Nj3; R$=CH;3CO,
R7=CH3) from Compound (III, B=Ri=H, Al

=0S02(pCH3CsHy), Ro=CH3CQ, R7=CH3)

Title product of Example D35 (10.0 g, 11.4 mmole)
and 1.iN3 (1.7 g, 34.2 mmole) were combined in 1060 ml]
acetone, refluxed 7 hours (by which time tlc indicated
reaction complete), and then poured into 600 ml 1:1
H>O:ethyl acetate. The organic layer was separated,
dried, stripped to a foam (9.0 g) and chromatographed
on 20 g silica gel with ether as eluant and monitoring by
tlc. Clean product fractions were combined and evapo-
rated to yield purified title product, 3.5 g; tlc (ether) Ry
0.40; tlc (3:1 CHCl3:methanol) Rr0.95.

By the same method, title products of Example D1
and D2 are converted, respectively, to compounds:

(IV, B=R!=H, A1“N3, R6=CH3;CO, R7=CH3);
(V, A=N3, Y=o0xygen, Rl=H, R8=CH3CO).

METHOD P
REDUCTION OF AZIDO TO AMINO
EXAMPLE P1

Compound (III, B=R!=H, Al=NH,;, R¢=CH3CO,
R7=CH3) from Compound (III, B==R!=H, Al =N3,
Ro=—CH3CO, R7=CH3)

Title product of Example O1 (1.8 g, 2.4 mmoles) and
Lindlar catalyst (0.5 g) were combined in 50 ml of etha-
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nol and hydrogenated at 20 psig for 18 hours. The reac-

tion mixture was filtered and the filtrate stripped to a
foam, which was taken up in 125 ml 3:2 H>O:ethyl
acetate and the pH adjusted to 2.0 with 1IN HCI. The
aqueous phase was separated, adjusted to pH 4.5 with
IN NaOH, extracted 1X50 ml fresh ethyl acetate, ad-
justed to pH 10.0 and extracted 1X75 ml fresh ethyl
acetate. The pH 10.0 extract was dried and stripped to
yield title product as a foam, 1.9 g; tic (3:1 CHCl3:me-
thanol) Rr0.40; tlc (ether) Rr0.02. .

By the same ‘method, other compounds of Example
O1 are converted to compounds:

(IV, B=R!=H, Al=NH;, R6=CH3CO, R’=CHj3);

(V, A=NH;, Y=o0xygen, Rl=H, R8=CH3CO).

METHOD Q
N-ACYLATION
. EXAMPLE Q1
Compound (III, B=R!=H, Al=NHSO»(pCH3CsHy),
R6=CH3CO, R7=CH3) from Compound (III,
B=R!=H, A1=NH,, R6=CH;3CO, R7=CH3)

Title product of Example P1 (1.4 g, 1.9 mmoles),
p-toluenesulfonyl chloride (0.73 g, 3.8 mmole) and tri-
ethylamine (0.55 ml, 4.0 mmole) were combined in 30
ml CH)Cl; and stirred one hour, by which time tlc
indicated reaction was complete. The reaction was
poured into 50 ml H»O, stirred one hour and the pH
then adjusted to 10.0 with 1N NaOH. The organic layer
was separated, dried, stripped to a foam, and chromato-
graphed on 30 g silica gel in a 20 mm diameter column,
with 5 ml fractions of ether eluant collected. Fractions.
80-140 were combined and stripped to yield title prod-
uct, 0.46 g; tlc (ether) Rr0.14; Rr(3:1 CHCl3:methanol)
0.93.

The same procedure, substituting an equivalent
amount of the appropriate acid chloride or acid anhy-
dride for p-toluenesulfonyl chloride; yields additional
compounds of the formula (III) wherein B=R1=H,
R6=CH3CO, R7=CH3; and A!=NHSO(nC3;H?>),
NHSO,(iC3H7), NHSO»(pClCsHy4), NHSO,CH,C6Hss,
NHCOCH;, | NHCOCH;CH(CH3)3,
NHCO(CH3);CHj3, NHCOC¢H,
NHCO(mC;HsCgHa), NHCO(3,5-Cl1,CsH3) or
NHCOCH(pCH30Cg¢H4).

By the same method, other compounds of Example
P1 are converted to the compounds:

1V, B=Rl1l=H, Al=NHSO2(pCH3CsHy),
R6=CH3CO, R7=CH3);

V, A= NHSOz(pCH3C6H4),
R3=CH3COQO).

Y =oxygen, R!=H,

PREPARATION 1
Fermentation of Streptomyces Albus ATCC 39012

Culture ATCC 39012 1s considered to represent a
new subspecies of S. a/bus and is named Streptomyces
albus (Rossi Doria) Waksman and Henrici subsp. indicus
Huang subsp. nov., and 1s on deposit at the American
Type Culture Collection, Rockville, Md., U.S.A., under
the above accession number. The permanency of the
deposit of this culture at the American Type Culture
Collection at Rockville, Md. and ready accessibility
thereto by the public are afforded throughout the effec-
tive life of the present patent in the event the patent is
granted. Access to the culture i1s available during pen-
dency of the application under 37 CFR 1.14 and 35 USC
112. All restrictions on the availability to the public of
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the culture deposited will be irrevocably removed ei-
ther upon granting of the present patent, or upon grant
- of copending patent application Ser. No. 374,223, filed
May 3, 1982, whichever might occur earlier.

Shake flasks were prepared using the following me-
dium:

M

Amount
Ingredient (Grams/Liters)
Cerelose 10
Corn Starch - 20
Yeast Extract (Difco) 5
‘NZ Amine A (Humko)* 5
Cobalt Chloride 0.002
Tap water to one liter,
pH to 7.1-7.2

*A purified enzymatic digest of casein.

The medium was distributed in 40 ml portions to 300

ml shake flasks, and it was then sterilized at 120° and 15 "0

psi for 30 minutes. After cooling, the medium was inoc-
ulated with a vegetative cell suspension from the Strep-
tomyces albus subsp. indicus slant culture ATCC 39012,
grown on ATCC 172 medium in agar. The flasks were
shaken at 28° on a rotary shaker having a displacement
of 13 to 24" at 150 to 200 cycles per minute (CPM) for
two to four days, then used to inoculate four liter fer-
mentation vessels containing two liters of one of the
following media:

Amount Amount
| (grams/ (grams/
Ingredient liter) Ingredient liter)
Cerelose - 10.0 Cerelose 1.0
Corn Starch 200 NZ Amine Ytt* 2.5

~ Yeast BYF 300 50  Corn Starch 5.0
NZ Amine 5.0 Corn Steep Liquor 5 cc
Ytt(Humko)* |
Cobalt Chloride 0.002 Cobalt Chloride - 0.002
Calcium Carbonate 1.0 Calcium Carbonate 3.0

pH 6.9-7.0 to 1 liter with water
*An enzymatic digest of casein.

" One milliliter of antifoaming agent was added, and
the vessels were sealed and sterilized at 120° and 15 psi
for 45 minutes. The vessels were inoculated with one
(2%) or two (4%) shake flasks, fermented for 12 to 30
hours at 30°, stirred at 1700 revolutions per minute
(RPM) and air sparged through the broth at one volume
per volume per minute. When fermentation was com-
plete (based on antibiotic disc assay versus B. subtilis
ATCC 6633), the fermentation was stopped, and the
whole broth was filtered. The filtrate was extracted
with methyl isobutyl ketone or ethyl acetate at pH 9.0.
The organic phase was removed from the aqueous
phase by aspiration, and then the organic phase was
sparkled and concentrated in vacuo to a viscous oil.

PREPARATION 2
Isolation and Characterization of the Two Major

Components from the Streptomyces albus subsp. indicus ¢,

ATCC 39012 Fermentation

Two 1,000 gallon fermentations of Streptomyces albus
subsp. indicus ATCC 39012 were extracted with 300
gallons of methyl isobutyl ketone. The methyl isobutyl
ketone was extracted twice with acidic water (pH 3.5)
using 15 gallons of water each time. These extracts were
combined and the pH was raised to 9.0 with 6N NaOH.
The aqueous phase was then extracted with 7 gallons of
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chloroform. The chloroform was evaporated to a yel-
low oil (25 g). This oil was triturated with one liter of
heptane and the solids thus generated were collected by
filtration and washed with fresh heptane to give 2.6 g of
a sohd. |

The above 2.6 g of solid was chromatographed on a
2.5% 100 cm column packed with column grade silica
gel 60 (Merck) in CHCl3-MeOH-NH4OH (92:8:1). The
same solvent system was used to elute the column. The
flow rate was 10 ml/minute and one cut was taken
every minute. The cuts were examined by thin layer
chromatography and the cuts containing the two major
antibiotic components were combined and evaporated
in vacuo. This afforded 1.0 g of the antibiotic complex
as a solid. This latter solid was rechromatographed on
silica gel using the same conditions, to give 150 mg of
antibiotic complex. The infrared spectrum of the antibi-
otic complex (KBr disc) showed significant absorption
bands at 2.95, 3.45, 5.80, 6.20, 6.90, 7.25, 7.65; 8.30, 9.30,
9.95, 10.25 and 11.85 microns. The ultraviolet spectrum
of the antibiotic complex (in methanol) showed absorp-
tion maxima at 238 millimicrons (Ei¢, 141) and 279
millimicrons (E1¢ 80.5).

- Analysis: Found: C, 59.00; H, 8.45; N, 1.48%.

PREPARATION 3
Separation of the Antibiotic Complex

The antibiotic complex was separated into 1ts compo-
nents utilizing a reverse phase Cis silica gel column.
The eluant used was methanol-water-2-aminoethanol
(55:45:0.5). The flow rate was 5 ml/minute and one cut
was taken every minute. The column was monitored
with a 254 nm ultraviolet detector. The faster moving,
major component eluted was the epoxide (CP-56,063),
while the slower moving, minor component was the
diene (CP-56,064). The following physicochemical data
were determined for the individual components.
CP-56,063

Molecular formula Ca44H~5017N

Molecular weight 889

Melting point 210°-215° (dec.)

Analysis: C, 58.90; H, 7.97; N, 1.69% |
Optical rotation [alpha]p=—357" (c=1, CH;0OH)
Ultraviolet 238 nm; Ejq,! cm=151 |
White amorphous solid. |
The significant bands in the infrared spectrum over

the region 4,000 to 200 cm— ! are: (KBr disk) 3440, 2985,
2935, 1720, 1690, 1620, 1170 and 1080 cm—1. Tlc (3:1
CHCl3:methanol): Rs0.7.

CP-56,064

Molecular formula C44H75016N

Molecular weight 873

Melting point 118°-130° (dec.)

Ultraviolet 282 nm; Ejq,1 em=186

Amorphous solid. | |

The solubilities of the two compounds are similar:
soluble in chloroform, methanol, ethanol and ethyl ace-
tate; insoluble in heptane and water.

PREPARATION 4

Intermediate Compound (Xa) by Selective Hydrolysis
of CP-56,063 (VIII)

CP-56,063 of the preceding Preparation (0.1 g, 0.11
mmole) and p-toluenesulfonic acid monohydrate (0.042
g, 0.22 mmole) were combined in 5 ml of acetone and
stitred for 90 minutes at room temperature, at which
time tlc indicated that reaction was complete. The reac-
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tion mixture was diluted with water and ethyl acetate
and the pH adjusted to 2.0 (dilute NaOH or HC, as
required). The aqueous layer was separated, adjusted to
PH 5.0, extracted with ethyl acetate, adjusted to pH
10.0 and extracted with fresh ethyl acetate. The pH 10.0
extracted was dried and stripped of solvent to vield
compound (Xa) as a foam, 0.07 g, tlc (3:1 CHCl3.me-
thanol): Rr0.25.

By the same method, CP-56,064 is converted to com-
pound (IXa). | -

PREPARATION 5

Intermediate Compound (Xb, R7=CHj3) by
Dimethylacetalization of Compound (Xa)

" To a solution of title product of the preceding Prepa- |

ration (787 mg, 1 mmole) in 30 ml of methanol was
added 15 ml of IN methanolic HCl. The solution was
stirred at 10° and 2 hours, then quenched with 5 ml of
triethylamine and stirred 0.5 hour at ambient tempera-
ture. The solvent was evaporated and the residue redis-
solved in ethyl acetate. The ethyl acetate solution was
washed with H;O and saturated NaCl, dried and evapo-
rated to yield compound (Xb, R7=CH3), as an amor-
phous foam, 700 mg, tic (3:1 CHCl3/MeOH): Rr0.43.
Substituting ethyl alcohol or ethylene glycol for
methanol in this process yields the corresponding com-
pounds (Xb, R7=C,Hjs) or (Xb, both R7 taken together-
=—(CH2)2—). .
Substituting compound (IXa) for (Xa) in this process
yields intermediate compound (IXb, R7=CHj). |

PREPARATION 6

Intermediate Compound (Xc, R7=CH3, R9=CH3CO)
by Acetylation of Compound (Xc, R7=CH3)

Title product of the preceding Preparation (0.3 g,
0.36 mmole) and acetic anhydride (0.14 ml, 1.5 mmole)
were combined in 20 ml of ethyl acetate and stirred for
two hours, by which time tlc indicated reaction to be
complete. The reaction mixture was diluted with H,O
and the pH slowly adjusted over 45 mintues to 9.5 with
dilute NaOH. The organic layer was separated and
evaporated to yield compound (Xc, R7=CHj,
R¢=CH3CO), 0.2 g, tic (ethyl acetate) Rr0.42.

Substituting equivalent butyric anhydride for acetic
anhydride in this process produces compound (Xc,
R7=CH3, Re=CH3(CH>),CO).

By the same process other compounds of the preced-
ing Preparation are converted to:

(Xc, R7=CyHs, Re= CH;CO)

(Xc, both R7 taken together=—(CH)—,
R¢=CH3CO) .
(IXc, R7=CH3, Re=CH3CO).
PREPARATION 7

Intermediate Compound (Xd, R’=CH3, R9=CH3CO)
by (1H-1-Imidazolyl)carbonylation of Compound (Xc,
R7=CH3, R4=CH3CO)

Title product of the preceding Preparation (0.2 g,
0.22 mmole), carbonyldiimidazole (0.07 g, 0.44 mmole)
and triethylamine (0.03 ml, 0.22 mmole) were combined
in 10 ml of acetonitrile and stirred for 64 hours at room
temperature, by which time tlc indicated reaction com-
plete. The reaction mixture was stripped to a foam. The
foam was taken up in ethyl acetate, washed with water,
dried and restripped to yield compound (Xc, R7=CHj,
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R4=CH3CO) as a foam, 0.2 g, tlc (ethyl acetate) Ry
0.23. ' |

By the same method, other compounds of the preced-
ing Preparation are converted to:

(Xd, R’"=CyH;5, R9==CH3CO)

(Xd, both R7 together =-—(CH3);, R¢=CH3CO)

(Xd, R7’=CH3, R9=CHj3(CH3),CO)

(IXd, R7=CHj, R?=CH3CO).

PREPARATION 8

Intermediate Compound (Xe, R7=CH;, R4 =CH3CO).
by Trimethylsilation of Compound (Xd, R7=CHj,
R?=CH3CO)

Title product of the preceding Preparation (0.2 g,
0.22 mmole), trimethylsilyl chloride (0.04 ml, 0.33
mmole, hexamethyldisilazane (0.015 g, 0.07 mmole) and
imidazole (0.05 g, 0.66 mmole) were combined in 10 ml
CH,Cl; and stirred 1.5 hours at room temperature, by
which time tlc indicated reaction to be complete. The

reaction mixture was washed with H,O, dried and

stripped to yield - compound (Xe, R7=CHx,
Ré¢=CH3CO), 0.18 g, tlc (ethyl acetate): R;0.48.

By the same method, other compounds of the preced-
ing Preparation are converted to:

(Xe, R7=C;Hs, R4=CH;3CO)

(Xe, both R7 together =—(CHz)2—, R9=CH3CO)

(Xe, R’=CHj, R%=CHs(CH:),CO) (IXe, R’—CHs,
R4=CH3CO).

PREPARATION 9

Intermediate Compound (Xf, R7=CHj3, R4= CH3CO)
by Selective Hydrolysis of Compound (Xe, R7=CHj,
R4 =CH3CO)

Title product of the preceding Preparation (0.18 g,
1.6 mmole) and K,CO;3 (0.02 g, 1.6 mmole) were com-
bined in 8 ml acetone and 4 ml H50 and stirred two
hours at room temperature, by which time tlc indicated
reaction was complete. The reaction mixture was di-
luted with H2O and extracted with ethyl acetate. The
organic layer was dried and stripped to yield compound
(Xe, R7=CH3, R9=CH3CO) as a foam, 0.16 g; tlc
(ethyl acetate): Rr0.78; tic (3:1 CHCl3:acetone): R70.59.

By the same method, other compounds of the preced-
ing Preparation are converted to:

(Xf, R7=C3Hs, R4=CH3CO)

(Xf, both R7 together =—(CH>);—, R4=CH3CO)

(Xf, R7=CH3, R¢=CH3(CH;),CO)

(IXf, R7=CH3, R9=CH3CO).

PREPARATION 10

Intermediate Compound (Xg, R7=CH3, R=CH3CO)
by Selective Oxidation of Compound (Xf, R7=CH;,
R4=CH3CO)

Under nitrogen, in flame dried glassware, dimethyi-
sulfoxide (0.25 ml, 3.6 mmole) was combined with 20 ml
of CH; Cl, and cooled to —70°. Trifluoroacetic anhy-
dride (0.38 ml, 2.5 ml) was added portionwise, maintain-
ing less than —60°, After 10 minutes, title product of the
preceding Preparation (0.5 g, 0.51 mmole) in 5 ml
CH>Cl> was added dropwise maintaining less than
—30°. The reaction mixture was stirred one hour while
warming to —20°, Triethylamine (0.7 ml, 5 mmole) was
added and the reaction warmed to room temperature.
The reaction mixture was washed with H,0, dried and
stripped to vyield compound (Xg, R7=CHj,
R4=CH3CO) as a foam, tlc (4:1 CHCls:acetone): Ry
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0.72; tic (ethyl acetate) 0.65. The entire batch was used
in the next step.

By the same method, the other compounds of the
preceding Preparation are converted to:

(Xg, R7=C2H5: RdﬂCH:;CO)

 (Xg, both R7 together =—(CH3)—, R4=CH3CO)
(Xg, R’=CH3, R4=CH3(CH_;),CO)
(IXg, R7=CHj3, R9=CH3CO).

PREPARATION 11

Intermediate Compound (Xh, R7=CH3, Ré=CH3CO)
- by Selective Hydrolysis of Compound (Xg, R7=CH3,
' RI=CH3CO)

The entire bath of title product of the preceding
Preparation was dissolved in 12 ml tetrahydrofuran and
H>0 added to the cloud point. The pH was adjusted to
2.0 with dilute HCI and the reaction mixture stirred 0.5
hour at room temperature. The pH was then adjusted to
9.5 with dilute NaOH and the mixture extracted with
ethyl acetate. The ethyl acetate was dried (Na;SO4) and
stnpped to vyield compound (Xh, R7=CHj;,
R4=CH3CO) as a foam, 0.3 g; tlc (4:1 CHCl3:acetone):
Rr0.48; tlc (3:1 CHCl3:acetone: Rr0.72; tlc (ethyl ace-
tate): Rr0.48.

By the same method the other compounds of the
preceding Preparation are converted to:

(th R7=C2H5: Rd“CH?oCO)

(Xh, both R7 together =—(CHj3)—, R4=CH3CO)

(Xh, R7=CHj3, R4=CH3(CH3);CO)

(IXh, R7=CH3, R?=CH3CO).
I claim:
1. A compound having the formula
N(CH3), @
or
(IT)
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wherein
A is —XR, —OH, —NRZ2R3 or halo;
X 1s oxygen or NH;

Y is oxygen or NNR4R5;

R 15 (C2-Cg)alkanoyl, (Cs-Cio)phenylalkanoyl, ben-
zoyl, or one of (Ci-Cg)alkanesulfonyl or benzene-
sulfonyl, said phenylalkanoyl, benzoyl or benzene-
sulfonyl groups mono or disubstituted on aromatic
ring with (C1-Cjs)-alkyl, (Ci—-C3)alkoxy or halo;

R!is hydrogen or (Cy-Cg)alkanoyl;

R? and RJ are each independently (C;—-Csgalkyl, or
taken together are —(CH>)20O(CH3)2— or —(CHa.
In—;

R#and R are each independently H or (C1-Cg)-alkyl,
or taken together are —(CH3)20O(CH3);— or
—(CH2)n—

n is an integer from 4 to 7;

with the proviso that when the compound has the for-

mula (I) and A is OH, R!is other than H;
or a pharmaceutically acceptable acid addition salt

thereof.

2. A compound of claim 1 having the formula (I).

3. A compound of claim 2 wherein A is —XR.

4. A compound of claim 3 wherein X is NH, Y is
oxygen and Rlis H.

5. A compound of claim 4 wherein R is benzenesulfo-
nyl, or mono or disubstituted benzenesulfonyl .

6. The compound of claim 4 wherein R is p-
toluenesulfonyl.

7. A compound of claim 3 wherein X and Y are oxy-
gen.

8. A compound of claim 7 wherein R!is H.

9. The compound of claim 8 wherein R is acetyl.

10. A compound of claim 3 wherein X is oxygen and
Y is NNR4R5.

11. A compound of claim 10 wherein R1is H.

12. A compound of claim 11 wherein R is benzenesul-
fonyl, or mono or disubstituted benzenesulfonyl, and
R4 and R5 are methyl.

13. The compound of claim 12 wherein R is p-
toluenesulfonyl.

14. A compound of claim 2 wherein A is NR2R3.

15. A compound of claim 14 wherein Y is oxygen.

16. A compound of claim 15 wherein R2 and R3 are
methyl.

17. A compound of claim 16 wherein R! is (C2~Cg)-
alkanoyl.

18. The compound of claim 17 wherein R is acetyl.

19. A compound of claim 2 wherein A is OH and R!
is alkanoyl.

20. A compound of claim 19 wherein Y is oxygen.

21, The compound of claim 20 wherein R1is acetyl.

22. A compound of claim 2 wherein A is halo.

23. A compound of claim 22 wherein R! is H.

24. The compound of claim 23 wherein Y is oxygen
and A i1s 10do.

25. The compound of claim 23 wherem Y is oxygen

and A is chloro.
26. The compound of c:laun 23 wherein Y is NNR4R?5,

60 R4 and RJ are methyl and A is iodo.

27. A compound of claim 1 of the formula (1I).

28. A compound of claim 27 wherein A is —NR2R3
and Y 1s oxygen.

29. A compound of claim 28 wherein R2 and R3 are

65 taken together and are —(CH2):O(CH3); or —(CHa.

In—

30. A compound of claim 29 wherein R2 and R3 are
—(CHa2)7—.
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31. The compound of claim 30 wherein R! is hydro-
gen. | | |
32. A compound of claim 30 wherein R! is (C-Cg)-
alkanoyl. *
33. The compound of claim 32 wherein R! is acetyl.
34. A compound having the formula

N(CH3)2

(I1I)

CHj

or

N(CHs),

6 6
RO \,&:\OR

(1V)

CH;

CHailli

HHICH;
CyHjs

wherein
‘B is hydrogen and Al is —XR, —OH, —NH,,
- —NRZ2RJ3, N3 or halo; or

B and A! are taken together and are oxygen;

X is oxygen or NH;

R is (Cy-Cg)alkanoyl, (Cs-Cio)phenylalkanoyl, ben-
zoyl, (C1—-Cg)alkanesulfonyl or benzenesulfonyl or
one of, said phenylalkanoyl, benzoyl or benzenesul-
fonyl groups mono or disubstituted on aromatic
ring with (C1-Cj)alkyl, (C1-Cs)alkoxy or halo;

R1is hydrogen or (C3-Cg)alkanoyl;

R2 and R3 are each independently (Ci1-Ceg)alkyl, or
taken together are —(CH3)20O(CH2)>—or —(CH,-
In—;

n is an integer from 4 to 7;

R6 is H or (C2—-Cg)alkanoyl; and

R7 is (C1-Cgalkyl or the two R7 groups are taken
together and are (Cy-C3)alkylene;
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with the proviso that when the compound is of the 65

formula (III) and R! and R6 are both hydrogen, Alis
other than -—OH.
35. A compound of claim 34 having the formula (III).

36

36. A compound of claim 35 wherein R!is H, R6is
acetyl and R7 is methyl. |

37. The compound of claim 36 wherein B is H, Alis
—XR, X is oxygen and R is p-toluenesulfonyl.

38. The compound of claim 36 wherein B 1s H and
Alis Ns. |

39. The compound of claim 36 wherein B is H, A is
—XR, X is oxygen and R is acetyl.

49. The compound of claim 36 wherein B 1s H and A
is OH.

41. The compound of claim 36 wherein B 1s Hand A
is chloro.

42. The compound of claim 36 wherein Bis Hand A
is NHD. o -

43. A compound of claim 35 wherein R!and Réare H
and R7 is methyl.

44. The compound of claim 43 wherein B is H, Alis
—XR, X 1s oxygen and R is acetyl.

45. A compound of claim 43 wherein B is H, Al is
—XR, X is NH and R is p-toluenesulfonyl.

46. A compound of claim 35 wherein R!1 and RS are
acetyl and R7 is methyl.

47. The compound of claim 46 wherein B is H and
Alis OH.

48. The compound of claim 46 wherein B and Al are
taken together and are oxygen.

49. The compound of claim 46 wherein B is H, Alis
NR2R3, and R2 and R3 are methyl. |

50. A compound of claim 35 wherein R! is acetyl, R®
is hydrogen and R7 is methyl.

51. The compound of claim 50 wherein B is H, Alis
NRZ2R3, and R? and R? are methyl.

52. The compound of claim 50 wherein B 1s H and
Alis OH. |

53. A compound of claim 34 having the formula (IV).

54. A compound of claim 53 wherein Rt is H, R is
acetyl and R7 is methyl.

55. The compound of claim 54 wherein B 1s H and
Alis —OH.

56. A compound of claim 54 wherein B is H and Al
is —XR, X is oxygen and R is benzenesulfonyl, or mono
or disubstituted benzenesulfonyl.

57. The compound of claim 56 wherein R is p-
toluenesulfonyl.

58. A compound of claim 54 wherein B is H and Al
is —NR?R3.

59. A compound of claim 58 wherein R2 and R3 are
taken together and are —(CH3),O(CHj)2— or —(CHoa.
In—-

60. The compound of claim 59 wherein R2and R3 are
—(CH2)7—.

61. A compound having the formula
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X 1s oxygen or NH;
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R 1s (Cy-Cg)alkanoyl, (Cg-Cio)phenylalkanoyl, ben-
zoyl or one of, (C1-Cg)alkanesulfonyl or benzene-
sulfonyl, said phenylalkanoyl, benzoyl or benzene-
sulfonyl groups mono or disubstituted or aromatic
ring with (C1-C3)-alkyl, (C;-C3)alkoxy or halo;

R!is hydrogen or (Cz-Cg)alkanoyl;

R2 and R3 are each independently (Ci1—Cegalkyl, or
taken together are —(CH3)20O(CH32)— or —(CHjs.
In—;

R4and R5 are each independently H or (C1-Cég)-alkyl,
or taken together are -—(CHj)O(CH3)— or
—(CH2)p—; |

n is an integer from 4 to 7; and

R8is (Cy-Cg)alkanoyl.

62. A compound of claim 61 having the formula (V).

63. A compound of claim 62 wherein R8 is acetyl.

64. A compound of claim 63 wherein R!is Hand Y is

oxygen.

65. A compound of claim 64 wherein A is —XR.

66. The compound of claim 65 wherein X is oxygen

and R is p-toluenesulfonyl.

67. A compound of claim 63 wherein Rlis Hand Y is

NNR4R5,

68. A compound of claim 67 wherein R4 and R?3 are

methyl.

69. A compound of claim 68 wherein A is —XR.

70. The compound of claim 69 wherein X is oxygen

and R is p-toluenesulfonyl.

71. A compound of claim 68 wherein A is halo.

72. The compound of claim 71 wherein A is iodo.

73. A compound of claim 61 having the formula (VI).

74. A compound of claim 73 wherein R8 is acetyl.

75. A compound of claim 74 wherein R!is Hand Y is

oxygen.
76. A compound of claim 75 wherein A is —NR2R3.
77. A compound of claim 76 wherein R2 and R3 are
taken together and are —(CH3),0(CH3)— or —(CH.:.
In—.

78. The compound of claim 77 wherein RZ2and R3 are
—(CH2)7—.
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